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UTC  products  are  the  most  copied  in  the  world.  This  is  only  natural,  since  we 
maintain  the  largest  laboratories  and  engineering  staff  in  our  field.  However, 
copying  alone  cannot  provide  the  measure  of  uniformity  and  reliability  inherent 
in  UTC  units.  To  provide  for  the  maximum  in  quality  and  reliability,  continuing 
programs  of  quality  control  and  quality  improvement  are  constantly  maintained  in 
our  laboratories. 


A  large  aircraft  company. .  .“Our  vendor  analysis  for  past  year  (thou¬ 
sands  of  tests)  shows  zero  rejects." 

A  large  electric  company. .  .“Consistent  quality  has  placed  you  as  our 
#1  source... are  grateful  for  the  aid  you  have  given  our  own  quality 
control  staff." 

A  large  military  electronics  company... “Switching  from  former  vendor 
to  UTC  has  saved  us  18%  of  transformer  and  filter  cost  by  reducing 
manufacturing  costs." 

A  large  instrumentation  company... “We  haven't  had  one  field  failure 
in  fifteen  years’  use  of  UTC  parts*." 
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prompt  delivery  and 


complete  ratings  from 


SPRAGUE 


Sprague,  the  pioneer  in  the  production  of 
solid-electrolyte  tantalum  electrolytic  capac¬ 
itors,  now  offers  prompt  delivery  on  produc¬ 
tion  quantities  of  all  standard  ratings.  New 
expanded  facilities  end  production  delays  in 
your  assembly  of  minified  transistor  circuits. 

Typical  of  these  Tantalex  Capacitors  is  the 
Type  150D  shown  above.  Its  tiny  sintered 
anode  is  impregnated  with  a  solid,  non- 
corrosive,  semi-conductor  material  which  can¬ 
not  leak  under  any  circumstance.  It  combines 
true  miniaturization  with  electrical  stability 
previously  unobtainable  in  an  electrolytic 
capacitor  of  any  type. 

Thermal  coefficient  of  these  capacitors  is 
sufficiently  low  and  linear  so  that  for  the  first 
time  a  circuit  designer  can  think  of  an  electro- 
Ijrtic  in  terms  of  parts  per  million  capacitance 
change.  Nominal  value  is  -|-  500  ppm/  °C.  The 


capacitor  may  be  used  without  derating  over 
a  range  from  -|-85'’C  to  as  low  as  -SO^C,  a 
temperature  at  which  no  other  electrolytic  has 
proved  useful. 

Solid  construction  permits  the  Type  150D 
to  withstand  the  severe  shock  and  vibration 
encountered  in  missile  and  ballistic  applica¬ 
tions.  Hermetic  sealing  makes  it  completely 
immune  to  humid  atmospheric  conditions. 

Complete  performance  data  covering  the 
wide  range  of  sizes  and  ratings  are  in  Engi¬ 
neering  Bulletin  3520B,  available  on  letter¬ 
head  request  to  the  Technical  Literature  Sec¬ 
tion,  Sprague  Electric  Company,  35  Marshall 
Street,  North  Adams,  Massachusetts. 

★  ★  ★ 

Sprague,  on  request,  will  provide  you  with 
complete  application  engineering  service  in 
the  use  of  Tantalex  Capacitors. 


DON’T  FORGET  I also  offers  prompt 
delivery  on  all  other  types  oj  tantalum  capacitors 
including  tubular  foil  and  sintered  anode  designs. 


SPRRGUE 

the  mark  of  reliability 
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At  Temco  titanium  is  keeping  its  promises  to  the  aircraft  industry.  No  longer 
the  intransigent  metal,  titanium  in  precision  assemblies  has  become  routine 
here.  Through  the  development  of  Temco’s  Ti  Brite  process,  the  tough  titanium 
scale  which  once  limited  the  material’s  usefulness  is  electrolytically  removed 
without  etching  or  disturbing  the  most  precise  dimensions. 

And  at  Temco  a  successful  process  for  chrome  plating  titanium  may  be  the 
major  break  through  in  the  feasibility  study  for  extending  its  temperature  resist¬ 
ance  beyond  the  800-1 000*  F  range.  Forming,  spot  welding,  precision  machining 
are  everyday  operations.  Temco's  proven  capabilities  in  precision  automatic 
fusion  welding  have  proved  especially  effective  in  the  assembly  of  titanium 
parts.  A  case  in  point:  the  front  compressor  casings  of  Pratt  &  Whitney's  J  57 
engine,  produced  at  Temco. 

Quality  and  reliability  of  assemblies  produced  at  Temco  are  assured  by  the 
extensive  facilities  of  the  Quality  Control  Department  and  Metallurgical  Labora¬ 
tory.  These  include  the  newest  non  destructive  spectographic  and  large  X-ray 
equipment. 

Capabilities  in  advanced  metallurgy  .  .  in  titanium,  aluminum,  austenitic  steel, 
stainless  steel  .  .  are  typical  of  Temco  progress.  And  now  research  and  develop¬ 
ment  capabilities  are  challenging  the  rare  earths  .  .  berylium,  columbium,  tanta¬ 
lum.  molybdenum  .  .  for  tomorrow’s  needs.  As  the  aircraft  industry  grows,  so 
do  Temco’s  capabilities  to  design,  tool  and  produce  for  it  Whether  your  need  i« 

for  o  contponent,  o  tubtytlem  or  o  complete  system  ...  on  inspection  of  Temco  will  / 


be  informotive  and  profitable. 
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For  HIGH  VOLTAGE  DC  Supplies- 

Cali  BETA... High  Voltage  HEAI^QUARTERS 


200  S«rt«»,  Portable 

Light-waight.  easily  carried,  air-insulated.  Output  from  0  to 
30  KV  continuously  variable.  2  to  5  ma,  with  reversible 
polarity.  Ripple,  1%  per  ma  at  30  KV. 


voltage  ratings  to  ISO  KV  and 
continuous  currents  i/b  to  1000  MA 

J 

Whatever  your  need  in  High  Voltage— whether  it's 
a  rugged,  portable  unit,  or  an  elaborately  instrumented 
supply  for  wide-range  operations. . . 

Beta  is  your  best  source.  i 

Beta's  many  years  of  speciaHzition  in  the  design, 
production,  and  application  of  A€  and  DC 
high  voltage  equipment— in  all  kinds  of  applications, 
ranging  from  electrostatic  smoking  of  meats 
to  nuclear  particle  acceleration  — assure  a  level  of  quality 
and  performance  in  apparatus  aid  instruments 
that  is  exceptional.  Equally  outstanding  is  the  famed 
line  of  Beta  overpotential  testers  capable  of  testing 
tran.scontinental  cables  to  individual  AC  and  DC  circuits. 

All  the  advantages  of  this  di.st^nctive  leadership  in 
the  growing  field  of  electrostaticsj  and  other  high 
voltage  operations  are  immediately  available  to  you 
through  your  Beta  representative. 

Or  you  are  cordially  invited  to  jrall  or  write  directly 
to  Beta  headquarters  for  full  information  — on 
the  MOST  co.MPLETE  LINE  of  DC  l^gh  voltage  equipment, 
some  of  which  are  illustrated. 


1000  S«ri«s,  Rack-Mounted  DC  Supplies 
0-1  to  0-60  KV,  2-500  ma.  Rugged  construction,  conservative 
design,  with  full  self -protection.  Selenium  rectifiers  in 
models  below  10  ma  rating.  Ripple;  below  2.5%  rms  for 
max.  current  at  max.  voltage.  Polarity  reversible,  with  center- 
tap  provision  if  desired. 


2000  Series 

0-1  and  0-250  KV;  5  to  3000  ma.  Two-unit  design,  for  remote 
operation  and  maximum  safety  for  personnel  and  equipment. 
Conservative  rating,  simple  operation.  Polarity  reversible. 


9000  Series,  “HI-SEL”  DC  Power  Pa^ks 
Five  models,  from  0-5  KV  and  5  rr.a  up  to  0-30  KV  and 
5  ma.  Low  ripple  at  all  ratings.  Seler^um  rectifiers  and  air- 
insulated  design.  Can  be  mounted  in'lany  position. 
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BETA  ELECTRIC  COMPANY 

division  of  sorensen  ^  co.,  inc. 


Richards  Avenue 


TEmple  8-6571 


South  Norwalk,  Conn. 
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RAYTHEON 

CII-5651WA 


VOLTAGE  REFERENCE  •  VOLTAGE  REGULATOR  •  COLD  CATHODE  RECTIFIER 
THYRATRON  and  LIGHT  INDICATOR  TUBES 

for  Military  and  Industrial  Applications 

These  Raytheon  Tubes  are  designed,  constructed  and  tested  for  severe  military  environ¬ 
ment,  including  temperature  ratings  to  165°C,  and  shock  and  vibration  resistance. 

Raytheon  custom  designed  gas  filled  tubes  are  backed  by  over  thirty  years  of  design, 
development  and  production  experience.  It  will  pay  you  to  get  in  touch  with  Raytheon  for 
gas  filled  tubes  that  meet  your  specific  needs. 

RAYTHEON  GAS  FILLED  TUBES 


VOLTAOK  RKOU1.ATOR  TUBBS 

OA2,  OA2WA,  CK6626  Miniature  150  volts.  5  to  30mA 


OB2,  OB2WAy  CK6S27  Miniature  108  volts,  5  to  30mA 


CKS787WA  Submin.  98  volts.  5  to  25mA 


CK6542  Submin.  150  volts,  5  to  25mA 


VOLTAGE  RBBERENCE  TUBES 
CKSSSlf  CK56S1WA  Miniature  85  volts,  1.5  to  3.5mA 


CK5783WA  Submin.  85  volts.  1.5  to  3.5mA 


CK62i3  Submin.  130volts,  lto2.5mA 


RADIAC  TUBBS 

Raytheon  offers  Corona  Voltage  Regulator  Tubes  for 
higher  voltages  in  a  wide  range  of  ratings;  also  a  variety 
of  Radiation  Counter  THibes. 


INDUSTRIAL  TUBE  DIVISION 

ReKobk  Miniature  and  Subminiature  Tubei  •  Filamentary  Tubes 
VR  Tubes  •  Rectifler$  •  Thyratron*  •  Cathode  Roy  Tubes 
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COLO  CATHODE  RECTIFIERS 


CK6174 


CK6659 (CK1042) 


CK6763 


RKSl 

CK10S4 


CK5843 


Miniature  PIV  =  2800  lo— 12mA 


Miniature  PIV  =  2800  lo  =  3mA 


2)  Submin.  PIV  =  2800  lo  =*  8mA 


Miniature  PIV  =  2800  lo=12mA 
(Ruggedized) 


THVRATRONS 

Submin.  por  control  receivers  in 

Submin.  model  aircraft,  boats,  etc. 


Submin.  For  general  purpose 
military  use 


LIGHT  INDICATOR 

Submin.  Low  drain,  grid  controlled 
indicator  for  semiconduc¬ 
tor  circuitry. 


I  Newton,  Mett.: . 55  Chapel  St.,  Bigelow  4-7500 

New  York . .  Fifth  Ave.,  Plata  9-3900 

Chlcegei  9501  Grand  Ave.,  Franklin  Pork,  NAtionol  5-6130 
let  AnEelett  5336  Santa  Monica  Blvd.,  NOrmandy  5-4331 
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BUSINESS  BRIEFS 

ELECTRONICS  NEWSLETTER 


Rl’SSIA’S  'I'llIKD  SPIJ'I'NIK.  launched  last  week, 
ap]x;ars  from  first  reports  to  lx;  earthing  instru¬ 
ments  similar  to  those  on  a  USSR  rocket  fired 
I'cb.  21  (Ei.kctromcs,  May  2.  p  19). 

F.l  KC  rRIC  POW  KRi  n  MAGNF/nC  PROPUG 
SION  system  Umhiis  as  a  strong  possibility  for 
maneuvering  a  manned  satellite  in  outer  space. 
New  concept  stems  from  studies  and  experi¬ 
ments  in  magnetohydrodynamics  sjxrnsorcd  by 
US.\F  Office  of  Scientific  Research  at  the  Avco 
Manufacturing  Corp.’s  Research  Laboratory 
(Fi.kctromcs.  |an.  24.  p  17  and  Apr.  11,  p  14). 
Magnetic  thrust  engine  would  take  over  after 
launching  of  spaceship  by  chemical  pro]X‘llant 
rcK'kcts;  the  magnetic  engine  would  alter  the 
craft’s  orbit  altitude  while  it  circled  the  earth 
or  would  power  it  to  the  moon  or  other  planets, 
rhrust  is  produced  by  using  a  magnetic  field 
to  accelerate  and  expel  a  neutral  plasma  of 
fully  ioni^cd  gas.  Device  would  eliminate  need 
to  separate  ions,  an  integral  part  of  an  ion  rcxkct 
sy-stem,  and  might  have  other  advantages. 

NKW  FNGLAND  FLFCI  RONICS  FIRMS  arc 
cheered  by  optimistic  reports  from  two  quar¬ 
ters.  First  National  Bank  of  Boston  says  the 
industry’s  growth  is  favorably  influencing  the 
region’s  economic  foundation  and  offers  special 
promise  for  the  year  ahead.  Associated  Indus¬ 
tries  of  Massachusetts,  which  quizzed  100  Mas¬ 
sachusetts  electronics  firms  and  got  61  replies 


after  last  fall’s  defense  stretchouts,  reports: 
Flectronics  production  employment  by  June  1 
will  be  three  percent  ahead  of  last  October. 
Sursey  also  showed:  (1)  there  has  been  no  re¬ 
duction  in  number  of  |x;rsons  in  basic  research; 
(2)  there  will  be  a  10  percent  overall  increase 
in  the  number  of  engineers  and  a  five  percent 
rise  in  technicians  by  June  1  over  Oct.  19s7. 

INFORMAI  ION  FHEORY  IN  RUSSIA  contin¬ 
ues  to  get  priority  attention,  it  is  indicated  by 
a  Tass  report  about  a  recent  meeting  of  the 
Moscow  Engineers  Club.  More  than  200 
Soviet  scientists  and  engineers  were  told  that 
"on  a  frequency  of  3,000  cycles,  with  a  certain 
amount  of  interference,  300  telephone  conver¬ 
sations,  and  not  just  one,  can  be  held  simulta¬ 
neously  on  one  line.”  Mathematician  Vladimir 
Siforov  said  that  in  the  future  radio  stations 
will  be  able  to  use  dozens  of  times  more  short¬ 
wave  bands  for  broadcasting  than  at  present. 

FAR  I  II  SA I  FLLH  F-BORNE  l  ELESCOPF  and 
tv  equipment  weighing  about  a  ton  require 
solution  of  the  problems  of  automatic  stabili¬ 
zation  and  control,  says  James  H.  Doolittle, 
chairman  of  the  National  Advisory  Committee 
for  Aeronautics.  He  told  the  Senate’s  Sjxjcial 
Committee  on  Space  and  Astronautics  that  the 
job  was  a  straightforward  one  that  "could  be 
accomplished  with  reasonable  promptness  if 
sufficient  scientific  and  technical  manjxiwer  is 
assigned  to  the  work.” 


FIGURES  OF  THE  WEEK 

RECEIVER  PRODUCTION 

(Source:  EIA)  May  2,  '58  Apr.  25,  'SB  May  3,  '57 

Teleyision  lets,  toUl  .  77,344  81,864 

Radio  sets,  total  .  149,604  162,421  280,490 

Auto  sets  .  39,754  48,574  103,015 

STOCK  PRICE  AVERAGES 

(Source:  Standard  &  Poor's)  May  7,  '5B  Apr.  30,  '58  May  8,  '57 

Radio-t*  &  electronics  .  46.24  45.57  51.68 

Radio  broadcasters .  61.21  59.16  69.36 


FIGURES  OF  THE 

YEAR 

Totals  for  first  twO  months 

1958 

1957 

Percent  Change 

deceiving  tub«  sjles . 

56  466,000 

82,031,000 

—31.2 

Transistor  production . 

6,061,955 

3.221.000 

-1-88.2 

Cathode-ray  tube  sales  . 

1.178.046 

1.489,223 

—  2  1 

Television  set  production  .... 

804,396 

914,887 

—12.1 

Radio  set  production . 

1  903,418 

2,350,294 

—19  0 

TV  set  sales . 

1,030.213 

1,148,796 

—10.3 

Radio  set  sales 

(evci.  auto) . . 

954,705 

1,088,392 

—12.3 

MORE  FIGURES  NEXT  PAGE 
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Reveals  USAF's 
Weapons  Plans 

Air  Korck  weapon  system  planning 
was  revealed  in  considerable  detail 
bv  l.t.  Gen.  C.  S.  Irvine,  Deputy 
Chief  of  Staff.  Materiel,  at  Syl- 
sania’s  formal  ojxning  ceremonies 
recently  for  its  new  .\mlierst  Kngi* 
necring  Liboratorv  in  W'illiams- 
villc,  N.  Y. 

llie  evolution  of  manned  aircraft 
is  planned  as  follows: 

Mach  2,  above  75,(MM)  ft  altitude: 
Conv.iir’s  electron  icvladen  B-5S 
Hustlev  will  replace  the  B  -f7  inter¬ 
mediate-range  l>omlK‘r  and  preside 
support  for  long-range  B-S2’s,  con- 
ceisably  as  electronic  countermeas¬ 
ures  planes.  Kight  or  10  B-s8’s  are 
currently  operable.  Might  tests 
prose  that  speed  (and  it  is  assumed, 
range)  is  Ix'ttcr  than  expected. 

.\n  air-to-surface  guided  missile 
is  in  the  svorks  for  the  Hustler.  It 
will  base  to  be  faster  than  the 
B-s2’s  Hound  Dog  missile  since  the 
B-s8  flies  faster  than  Honnd  Dog 
svill.  North  American’s  Hound 
Dog  svill  be  ready  for  flight  testing 
next  summer. 

Mach  above  100,000  ft 
altitude:  North  .Xmcrican’s  B  70 
(Ki.kciromcs,  Feb.  21,  p  Is)  and 
l‘-I08  svill  rescal  a  radic^il  departure 
from  present  configuration.  Radar 
svstems  will  base  to  possess  far 
greater  range  than  is  currently  pos¬ 
sible  ssith  present  airlxirne  sets. 
The  B-70  svill  carry  and  air  launch 
an  MRBM  (Medium  Range  Ballis¬ 
tic  Missile),  nircc  companies  arc 
currently  ssorking  on  design  details 
of  this  500-mi  range  ballistic  bird. 

Mach  5  or  6:  Not  yet  Ixing 
designed,  this  later  generation  of 
hypersonic  vehicles  svill  lx  intro¬ 
duced  into  the  program  only  in  the 
event  that  the  gap  Ixtssecn  oper¬ 
ational  B-70s  and  manned  space 


MILITARY  CONTRACT  BACKLOG  PER  EMPLOYEE  AT  JAN.  t,  1958 


■iSUB-CONTRACTS 

EOprime  contracts 


Firms  *ith 


ELECTRONIC  EMPLOYEES 


source;  office  of  naval  material 


Military  Backlog  $4.9  Bill 


Prime  contracts  run  four  percent  ahead  of  last  year, 
Subcontracts  are  down  about  16  percent 


F.i.ectronics  producers  should 
rack  up  sales  of  S8.5  billion  this 
year — 5600,000  million  above  the 
record  1957  high  of  S7.7  billion. 
Existing  military  backlogs  give  good 
reason  for  predicting  this  increase 
in  business. 

The  Office  of  Naval  Material  re¬ 
ports  current  militars’  backlog  fig¬ 
ures  in  its  recently  released  sixth 
annual  survey  of  electronics  in¬ 
dustry  capabilities. 

As  of  Jan.  1,  1958,  the  total  mili¬ 
tary  contract  backlog  of  the  elec¬ 
tronics  industry  amounted  to 
54.922  billion,  about  one  percent 
<ihead  of  the  backlog  of  Jan.  1, 
1957.  However,  the  1958  prime 
contract  backlog  of  54.206  billion 
was  four  percent  ahead  of  the  1957 
figure;  while  the  subcontract  back¬ 
log  trailed  the  1957  one  by  16  per¬ 
cent. 

Average  military  backlog  per  em¬ 
ployee  for  Jan.  1958  w'as  510,088. 
This  is  an  increase  of  5718  over  the 


average  military  backlog  pxr  em¬ 
ployee  figure  of  Jan.  1957. 

Die  backlog-per-employec  figures 
vary  according  to  company  size.  As 
of  Jan.  1,  1958,  firms  with  over 
5,000  employees  averaged  511,415 
in  backlog  per  employee.  Firms 
with  51  to  100  employees  axcraged 
54,485.  In  most  cases,  size  of  back¬ 
log  as  well  as  backlog  per  employee 
was,  as  might  be  expected,  larger 
for  larger  firms. 

On  the  average,  85.4  percent  of 
military  backlogs  were  in  prime 
contracts.  However,  the  projjor- 
tion  of  prime  and  subcontracts 
varied  considerably  with  company 
size. 

Firms  with  over  5,000  employees 
had  an  average  of  92.0  percent  of 
their  military  backlogs  in  prime 
contracts.  Ihe  sursev  also  shows 
that  companies  with  51  to  100  em¬ 
ployees  had  an  average  of  58.2 
jxrcent  of  their  military  backlogs 
in  prime  contracts. 


TRANSISTOR  AND  TUBE  SALES,  MONTHLY 

(Source;  EIA)  Feb.  '58  Jan. '58  Feb. '57 

Transistors,  units .  3,106,708  2,955,247  1.785,000 

Transistors,  value .  $6,806,562  56,704, 38J  55,172,000 

Receiving  tubes,  units .  29,661,000  26,805,000  44,460,000 

Receiving  tubes,  value .  $25,650,000  523,264,000  536,631,000 

Picture  tubes,  units  .  556,136  621,910  728,363 

Picture  tubes,  value  .  $11,210,527  512,341,927  513,134  778 


EMPLOYMENT  AND  EARNINGS,  MONTHLY 


(Source.  Bur.  labor  Statistics) 


Prod,  workers,  comm,  equip. 
Av.  wkty.  earnings,  comm. 
Av.  wkly.  earnings,  radio  . 
Av.  wkly.  hours,  comm.  , , . 
Av.  wkly.  hours,  radio  • . . . 
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VA<1402 


HIGH  VACUUM  PUMP 


*TRAOE  MARK 


where  cImui  hig^  vacuums  tfe  cequired .  .  .  proeeeeing  veeuum 
tubee  . . .  evwuaMag  MMler«4or  secitMe  end  ionizetion  chambers  . . . 
Isborstory^  and  industrial  appBcatlons. 

SIMrUOITT  ITBUr-  MXAgURXS  ITS  OWN  VACUVM- 

'Qw  Veclea  hish  vmviiib  puap  epen^te*  The  omrent.TSdiceUon  on  the  power  aitppty 
eotlreljr  electreaicai))’  —  ne  a»oviB«  pert*. 

NO  OXZ.  TAFOM— 

Coldtrspa  or  vapor  crepe  ere  not  neeeeeary. 

xjvrwm.  man  vacuvm— 

Creetee  vacuum  In  eeeets  of  lx  tO~*  mm  of 
He  see  trlUienth  of  aa  atmuxphere.  Thta 
•mall  cmapeet  oatt  lies  e  pumpies  apeed 
lO  Utere/eeoead  at  lO'  '  mm  of  Hp. 

LOW  POWSn  CONSUMPTION  — 

At  lO^Hsai  He  power  conamse|lon  la  only 
0.t4  weita.  No  sontinuonxly  rspains  fere* 
p«DSp  ie  required.  _  H 


8IMPLB  INSTALLATION— 

Complete  unit  eoaaiau  of  the  Varleii  Rlhp 
ahown  above,  a  permanent  macnet,  ac.d  a 
power  aupply. 


ONLT  PROM  VARIAN  — 

The  Vaelon  hish  vacuum  pump  hae  no 
equal  for  atmpUcity,  cleanltneaa,  and  com* 
pactneaa.  Get  the  complete  atory  in  the 
^aelon  Hish  Vacuum  Pump  Knslneeilas 
^illetln  —  write  for  your  copy  today,  h 

la  exceee  of  10,000  houra  at  lO  '  mm  of 
^axpertaocy  is  almoet  linuileea  at  10~  '  mm  of 


iHf 

ALUK  OF 
ItADftiHtf 


Rapratactativa:  ih'voui  iha  wo«td 


RirSIRONS,  ttAVtUUG  Wim  nms.  »ACKWAIID  WAVt  OSClUXroRI.  VNEAA  ACCntlATOtS.  MICKOWAVe  SrsrfM  COM^ONfNrS, 
»  F  S«Cr»OeifW»S,  MdCNffS.  mUGlWrOMfTfRS,  JLIIOX.  fOWU  AMRl'f  fRS.  ClAPHiC  NCOlDfRS,  RfSfARCH  AND  DfVtiOfUFW  SftVfCtS 
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Sub-attemblict  mad*  to  ord*r,  in  Mallory’s  Electronic  Assem> 
bly  Department,  Frankfort,  Indiana,  receive  the  attention  of  a 
skilled  staff  well  experienced  in  every  phase  of  circuit  research, 
component  development,  assembly  and  testing.  Now  qualified 
under  the  U.S.  Army  Signal  Corps  Reduced  Inspection  Quality 
Assurance  Plan  (RIQAF),  this  Mallory  department  is  ready  to 
undertake  production  of  single  units  or  complete  systems. 


H*art  of  o  gyroscop*  is  the  rotor  made  of  new  Mallory  1000 
Gyromet® — a  high  density  alloy  especially  developed  to  withstand 
the  extreme  rotational  speeds  in  tomorrow’s  inertial  guidance 
systems.  Mass  elements  such  as  counterweights,  balances, 
dummy  warheads,  can  be  made  extra  compact  by  designing  with 
Mallory  1000  metal— a  unique  powder  alloy  with  twice  the  den¬ 
sity  of  lead  and  excellent  machinability. 


For  Greater  Reliability 


New  high  femporotur*  miniotur*  wirowound  control  .  .  .  onbr 
in  diameter,  is  designed  for  ambient  temperatures  of  200'’C 
and  up.  It  has  exceptionally  high  power  dis.sipation  for  its  size- 
rated  5  watts  at  14o’C.  Control  is  gold  plated  to  as.sure  maximum 
shelf  life,  resistance  to  corrosion  and  high  heat  transfer.  Easily 
adaptable  to  hermetically  sealed  mounting. 


Ideal  power  for  trontislors  is  the  mercury  battery,  pioneered  by 
Mallory.  High  energy  in  small  volume,  long  life  and  con-stant 
discharge  characteristics  make  this  battery  valuable  in  mini¬ 
aturized,  .self-powered  equipment.  Another  Mallory  develop¬ 
ment  is  the  ^lidion*  .solid  state  battery,  capable  of  storage 
for  over  15  years.  It  is  ideal  for  stockpiled  systems. 
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High  temperature  tantalum  capacitars, 

pionM-n-d  by  Mallory  for  —55  C  to 
+  200  C  service,  inrlude  special  (l«*sii{ns 
for  extreme  acceleration.  Newest  models 
are  even  smaller  in  size,  to  fit  mini- 
aturizerl  mis.sile-borne  telemetering  cir¬ 
cuits.  In  addition,  .Mallory  manufactures 
a  full  line  of  .subminiature  and  .solid 
electrolyte  tantalum  capacitors. 


in  Missile  Guidance  Systems 

MALLORY  Components  and  Services 


In  totlay’s  acceleraUni  defen.se  program.s,  elec¬ 
tronic  mi.s.sile  Kuitlance  .sy.stem.s  need  an  extra 
mea.sure  of  deftendability  in  order  to  |K*rform  a 
critical  .stTvice  at  a  preci.se  moment.  You  can 
build  this  extra  deixmdability  into  research  cir¬ 
cuits,  prototypes  and  production  motlels— when 
you  specify  Mallory  precision-made  comfionents. 

When  your  problems  are  new  or  unusual,  you  can 
get  expert  a.ssistance  from  the  exfKTienced 
Mallory  apftlication  engineering  team.  Hecau.se 
of  the  wide  range  of  components  we  sufiply,  you 


can  count  on  us  for  engineering  con.sultation  not 
only  on  component  design  and  application,  but 
al.so  in  other  important  areas  such  as  contact 
metidlurgy  and  .sub-a.s.sembly  manufacturing. 

Shown  here  are  just  a  few  of  the  Mallory  products 
and  services  that  can  help  put  pt*ak  reliability  in 
your  mi.s.sile  guidance  circuitry.  It  will  pay  you 
to  chtKjk  your  needs  against  the  broad  Mallory 
line.  Write  today  for  a  consultation  on  your  spe¬ 
cific  projects.  For  prompt  delivery  of  stock  com- 
I)onent.s,  call  on  your  nearby  Mallory  di.stributor. 


Expect  more . . .  get  more  from 


Swing  Indwitry  with  That*  Product*: 

Elocttomochonicol  —  Rotittori  •  Switches  •  Tuning  Device*  •  Vibrotors 
Electrochemical  —  Capacitor*  •  Mercury  and  Zinc-Carbon  Batteries 
Metollurglcol  —  Contact*  •  Special  Metal*  •  Welding  Moteriols 


Parti  ditfrtbvfori  in  all  major  cilrei  stock  Mallory 
tiandard  components  for  your  convenience. 
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flight  (Dynasoar)  drags  out  for  too 
long  a  period. 

First  step  toward  space:  North 
American’s  X-IS.  early  next  year, 
will  carry  Capt.  iven  Kincheloc  to 
over  100-nii  altitude  and  faster  than 
.3,600  mph.  A  transponder  beacon 
cirried  in  the  nose  of  the  plane  will 
help  ground  radar  stations  track  the 
test  flights.  Major  electronic  equip¬ 
ment  to  be  used  consists  of  trans¬ 
ducers  and  telemetering  gear  to 
measure,  record  and  transmit  flight 
data. 

Dsnasoar:  After  the  X-1 5,  Dvna- 
soar,  or  a  similar  type  project, 
should  result  in  a  vehicle  that  will 
safely  put  a  man  in  orbit  for  one  or 
more  trips  around  the  earth  before 
landing.  Presumably  the  Dynasoar 
vehicle  will  require  advanccd-t\-pc 
electronic  telemetering  and  control 
equipment. 

Space  vehicles:  As  a  natural  out¬ 
growth  of  knowledge  gained  frrun 
these  experiments,  the  Air  Force 
will  probably  develop  piloted  space 
\  chicles  with  weapon  deplovment 
and  counter-offensive  capabilities. 
These  will  perform  within  the 
earth’s  graxitational  field  but  well 
outside  99  |x;rcent  of  its  atmos¬ 
pheric  envelope. 

10,000-Transistor 
Computer  Out 


Transistors  are  mounted  on  332  print¬ 
ed-circuit  cards  for  ease  of  access 

1'ransisiorized  computers  arc  be¬ 
ginning  to  appear  in  the  market¬ 
place. 

Philco  Corp.’s  Transac,  now  be¬ 
ing  delivered  to  its  first  customers 
after  almost  three  years  of  develop¬ 
ment  and  field  tests,  uses  10,000 
surface-barrier  transistors  in  332  all¬ 
transistor  printed-circuit  cards.  ’Flic 
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WASHINGTON  OUTLOOK 

The  admims  I  ration’s  proposal  to  set  up  a  new  civilian  space  agency 
to  run  our  electronics-laden  sptacc  exploration  program  seems  to  be  in 
trouble  on  Capitol  Hill.  On  one  hand,  the  proposal  is  beset  by  charges 
that  broad  civilian  authority  over  space  research  could  sorely  restrict 
vital  military  projects.  But  it  is  also  criticized  for  establishing  too 
limited  civilian  jxrwers  over  space  exploration. 

Both  Pentagon  sjxikcsmen  and  congressional  leaders  such  as  Sen. 
Styles  Bridges  (R.,  NMI.)  believe  that  the  Defense  Dept.’s  role  in  space 
Ojx:rations  is  downgraded  by  expanding  the  National  Advisory  Com¬ 
mittee  on  Aeronautics  into  a  new’  civilian  space  research  with  over-all 
control  over  the  program. 

Still,  men  such  as  Sen.  Clinton  P.  Anderson  (D.,  N.M.)  lament  the 
fact  that  civilian  considerations,  in  their  opinion,  are  being  pushed  to 
the  side  under  the  proposed  new  setup. 

These  opjxinents  are  peeved  over  provisions  putting  the  new  agency 
under  the  direction  of  a  committee  consisting  of  only  eight  government 
representative’s  and  nine  nongovernment  sjx’cialists  (N.\CA  is  run  bv  a 
committee  dominated  by  government  officials)  and  barring  the  civilian 
space  agency  from  space  programs  jK’cnliar  to  or  primarily  associated 
with  militars’  weapon  systems  or  military  ojxration. 

Says  Anderson:  “So  few  things  in  modern  life  could  not  be  described 
as  {lecnliar  to  military  ojxrations  that  if  the  same  test  were  used  in  the 
rest  of  our  national  affairs,  we  would  have  a  military  dictatorship.’’ 

The  crux  of  the  squabble  over  civilian  vs  military  control  of  space 
j  is  the  question  of  who  is  to  determine  whether  a  specific  space  project 
is  of  a  military  nature,  and  thus  a  function  of  the  Defense  Dept.’s 
I  Advanced  Research  Projects  Agency,  or  a  nonmilitary  nature  to  be 
j  put  under  the  aegis  of  the  newly  proj>osed  National  Aeronautics  and 
j  Space  Agency. 

Deputy  Defense  Secy .  Quarles  told  the  Senate  Space  Committee  that 
ultimately  the  questions  would  be  answered  by  the  President.  Quarles’s  i 
statement,  of  course,  begs  the  question.  The  President’s  decisions  will 
be  based  on  advice  from  his  technical  adx  isers.  'Hie  general  consensus 
is  that  the  Pentagon-N.\S A  rclationshi])  on  space  will  Ik  comparable  | 
to  the  Pcntagon-N.\CA  relationship  on  aeronautical  research.  i 

The  outlook  is  that  the  new  agency  will  be  engaged  mostly  in  basic- 
research  in  its  ow  n  laboratories  and  in  contractor  facilities.  The  Defense  j 
Dept,  will  continue  to  pull  the  strings  on  the  more  costly  phases  of  i 
hardware  development.  i 

•  'Phe  Defense  Dept.’s  .\RPA  now  has  Ixfore  Congress  budget  | 
requests  totaling  5520  million  for  fiscal  1959,  starting  July  1.  j 
Of  this  sum,  all  but  $72  million  is  earmarked  for  military  space  i 
projects.  I 

ARPA  wants  to  push  work  on  improved  guidance  systems  to 
put  artificial  earth  satellites  into  nu»re  precise  orbits.  It  wants 
to  develop  satellites  to  provide  comimmicatioii  relay  stations,  to 
simey  weather  patterns,  to  serve  as  navigational  aids  and  to  aet  as 
early-  yvarning  reconnaissance  stations  against  enemy  attack.  I 

Other  key  space  electronics  projects  arc  to  develop  satellite 
tracking  and  monitoring  systems  and  to  speed  up  work  on  ballistic 
missile  early  yvarning  systems.  Of  next  year’s  budget,  $157.4 
million  is  earmarked  for  the  latter  project— in  addition  to  sums 
in  the  Air  Force’s  budget. 
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Puzzled  by  ground  ^ 
loop  problems?  How  to  rescue 
microvolt  signals 
“  from  volts  of  noise  ? 


here’s  why  kin  tel’s  differential 

DC  AMPLIFIERS  FIT  IN  INSTRUMENTATION  SYSTEMS 


160  db  DC,  120  db  60  c>’clc  common  mode  rejection  with  balanced  or 
unbalanced  input  ■  Input  completely  isolated  from  output  ■  Input  and 
output  dillcrcntial  and  lloating  ■  5  microvolt  stability  for  thousands  of 
hours  i.OSCo  linearity,  0.1%  gain  stability  ■  Gain  of  10  to  1000  in 
five  steps  ■  >5  megohms  input,  <2  ohms  output  impedance  ■  120 
cicle  bandwidth  ■  Integral  power  supply 

These  arc  just  a  few  of  the  many  outstanding  features  of  the  Model 
I I4A  differential  DC  amplifier . . .  features  that  make  this  amplifier 
really  work  in  instrumentation  systems... features  that  will  help  solve 
your  instrumentation  problems  today. 

Ideal  for  thermocouple  amplification,  the  1 14A  eliminates  ground  loop 
problems;  allows  the  use  of  a  common  transducer  power  supply;  per¬ 
mits  longer  cable  runs;  drives  grounded,  ungrounded  or  balanced  loads, 
and  can  be  used  inverting  or  non-inverting. 

For  additional  information  and  technical  literature  on  this  exceptional 
instrument,  write  or  call  kin  tel  -  the  world’s  largest  manufacturer  of 
precision,  chopper-stabilized  DC  instruments. 


KIN  TEL  114A 
differential  DC  amplifiers 
,., convenient,  interchange¬ 
able  plug-in  mounting  in 
either  6-amplifier  19’  rack 
mount  modules  or  single- 
amplifier  cabinets. 


5725  Kearny  Villa  Road,  San  Diego  11,  Calif. 

Phone:  BRowning  7-6700 
Representatives  in  all  major  cities 


A  Division  ot  CoAu  Electronics  Inc. 
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MILITARY  ELECTRONICS 


circuit  cards  in  the  arithmetic  and 
control  circuits  arc  stacked  libraiA- 
fashion  behind  the  control  console 
face  for  casv  accessibility  (photo, 
p  12). 

Tlic  new  unit  is  an  all-binar\. 
parallel,  asynchronous  computer 
with  magnetic-core  storage.  It 
comes  in  two  models.  The  smaller 
model  operates  on  ^6-bit  words, 
uses  punched  paper  tape  or 
punched  cards  as  input-output 
media.  The  larger  model’s  word  is 
4S  bits  long.  The  bigger  machine 
can  work  with  up  to  2S6  mag¬ 
netic-tape  transjjort  units  besides 
punched  cards  and  pajjer  tape. 

I'apc  units  will  operate  at  1  “iO 
in. /see,  read  or  write  90,000  alpha¬ 
numeric  or  1  sO.OOO  numeric  char¬ 
acters  a  see.  Tlic  16-channel  tape 
will  contain  12  numeric  bits  (or 
two  6-bit  coded  alphanumeric  char¬ 
acters),  plus  two  parih’-check  chan¬ 
nels  and  two  timing  channels.  Mag¬ 
netic  tape  also  makes  possible  the 
use  of  off-line  high-speed  printers 
and  other  transcribing  gear. 

Magnetic<ore  storage  for  both 
models  is  a  basic  unit  of  4.096 
words.  The  memon-  of  the  larger 
computer  can  be  expanded  in 
4.096-word  blocks  of  6?, >36  words. 

BBC  Perfects 
Video  Recorder 

Brimsii  BROAnc.ssiixG  CoRP.  en¬ 
gineers  have  designed  and  built  a 
\idco  tape  recorder  after  two  years 
of  devehrpment  in  the  BBC  re¬ 
search  lab. 

Known  as  VF.RA  (Vision  Elec¬ 
tronic  Recording  Apparatus),  the 
new  recorder  uses  i-in.  wide  tape. 

rhe  British  recorder  utilizes  lon¬ 
gitudinal  recording.  BBC  tape 
travels  at  200  ips.  carries  a  1  vmin 
program  oh  a  20i-in.  diam  reel. 

riie  new  unit  records  on  three 
tracks,  two  for  video  and  one  sound, 
to  produce  the  2.  vine  bandwidth 
required  for  the  BBC  40>-line,  25- 
frame  tv  system.  Longitudinal  tech¬ 
nique  offers  the  advantage  of  easy 
splicing,  is  conducive  to  simultane¬ 
ous  recording  and  monitoring. 

riierc’s  no  color  tv  broadcast  in 
Britain  at  present,  but  BBC  en¬ 
gineers  feel  VT-R.\  is  not  limited  to 
black  and  white. 


•  New  light  weight,  higlilv  accu¬ 
rate  Doppler  radar  nasigation  set, 
to  be  designed  and  de\  eloped  by 
General  Precision  Labs,  will  go  into 
IB.M’s  Iromb-nav  svstem  (.\N/ 
.\SQ-28)  for  North  American’s 
B-70. 

Raytheon  is  supplying  Doppler 
radar  for  Sjxrrv’s  l>omb-nav  system 
in  Consair’s  B->8  (Ei.i.cironics, 
Feb.  21,  p  15). 

•  .\ii  inipioved  solid-propellant 
Bomarc,  ground-to-air  electronically 
guided  interceptor  missile  with  a 
400-mi  range  (Fi.kctromcs,  I'eb. 
21,  p  >6),  is  scheduled  to  iK-gin  a 
se\eral-\ears-long  test  program 
s<M)n.  Program  will  be  carried  out 
bv  IJS.M’  and  prime  amtractoi 
Bexing.  I  he  current  Bomarc  model, 
which  has  a  200-mi  range,  has  been 
fired  approximately  40  times  to 
date.  Four  Bomarc  launching  sites 
arc  under  construction  in  the  U.  S. 

•  First  step  toward  putting  a 
1 00-ft  balloon  into  orbit  tcxik  place 
last  month  when  N.\C.\  snceess- 
fullv  sent  a  1 2-ft  balloon  to  50 


A  CM  SPOKF.S.MAN  told  El.F.CTRON- 
ics  a  few  days  ago  that  if  current 
prototypes  of  electronic  auto  con¬ 
trols  prose  practical  and  salable,  an 
enormous  new  market  will  ojxn  for 
component  manufacturers. 

Conventional  operator’s  controls, 
he  said,  may  be  completely  elinii- 


miles  by  nxket.  Having  a  1 00-ft 
balloon  in  orbit  will  be  useful  in 
studying  long  range  communica¬ 
tions,  N.\C.\  director  Hugh  1.. 
Dryden  says. 

•  “Introduction  of  single  side¬ 
band  (SSB)  radio  equipment  into 
the  fleet  is  Ixing  accelerated,’’ 
Rear  Admiral  H.  C.  Bruton,  Direc¬ 
tor  of  Naval  Communications,  says. 
.'\lso.  “W’e  ha\e  great  hopes  for 
meteor  scatter  as  a  means  of  solving 
some  of  our  ship-to-shore  communi¬ 
cations  problems.’’ 

•  British  IKHM  under  deselop- 
ment  by  dc  Havilland  Propellers  is 
now  officially  confirmed,  h  irm  says 
the  missile,  which  eventnalb  will 
lx  test  fired  at  .Australia’s  W’oomera 
range,  could  carry  a  thermonuclear 
warhead  “with  extreme  accuracy 
over  a  range  of  seseral  thonvmd 
miles  to  a  surface  target.” 

De  Havilland  also  confirmed 
that  Rolls-Royce  is  providing  the 
power  plant  and  Sperry  Gyroscope 
Co.  the  guidance  system. 


nated  within  the  next  few  years. 

I'wo  new  developments  giving 
weight  to  this  prediction  were  an¬ 
nounced  by  Ci.M  and  I’ord  at  the 
Gosernors’  Committee  for  High¬ 
way  Safety  conference  last  month. 

In  tlie  system  demonstrated  by 
GM’s  Research  Staff,  a  single  con- 


F.lcctroiiic  amplifiers  used  in  two-lever  steering  and  transmission  control  devclo|x-d 
by  Ford  (left)  and  electronic  computers  used  in  steering,  acceleration  and  brake  con¬ 
trol  developed  by  GM  (right)  cause  onr  industry  to  ask  .  .  . 

Electronic  Cars:  How  Soon? 
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More  Power  to  the  Load 


Hughes  medium  power,  silicon  rectifiers 


The  exceptionally  high  efficiency  of  these  rectifiers,  obtained  by 
advanced  development  and  construction  techniques,  makes  pos¬ 
sible  power  supply  design  which  was  previously  impossible.  Effi¬ 
ciency  like  this  means  less  power  loss  in  the  rectifier  and,  for  a 
given  size  of  rectifier,  more  power  to  the  load.  Cooler  operation 
also  results,  thereby  contributing  increased  life  since  there  is  less 
heat  to  dissipate. 

In  most  instances,  the  voltage  drop  across  the  rectifier  is  so  small  - 
and  it  is  constant  throughout  the  life  of  the  rectifier— that  it  may 
be  neglected  in  power  supply  design.  The  low  drop  improves  regu¬ 
lation  of  the  power  supply  too. 

So  specify  the  types  listed  at  right  and  capitalize  fully  upon  the 
advantage  of  high  rectifier  effiaency.  In  addition  to  the  types 
shown,  Hughes  has  two  groups  of  IN-numbered  units,  one  with  a 
lead-mount  configuration  and  the  other  in  the  standard  JETEC 
7/16*  hex  package. 

For  llt•lllttre  or  a  viul  iiom  on«  of  oui  sales  entinecfs, 

please  wiita:  HUGHES  PRODUCTS.  Semiconductor  Divisron, 

I  nteinational  Airport  Station.  Los  Angeles  45^  California 


STUD  MOUNT  TYPES 

Average  Rectified  Current  I 

Peak  Inverse  @  Specified  Case  Temperature  Average  Inverse  | 
Voltage  tVolts)  ( Amps  max.)  (Degrees  C)  Current  ( mA,  max.)*  | 


*  Averaged  over  one  cycle  at  lull  lated  conditions  of  current,  voltage,  and  temperature 
with  a  resistive  load. 


Creating  a  new  world  with  ELECTRONICS 


-Heir 


•  KMICONOUCTOMS 


HUGHES  PRODUCTS 


O  1958  HUCHIS  AlirCRAFT  COMRANY 
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trol  lc\er  substitutes  for  steering 
wheel,  aecelerator  pedal  and  brake 
pedal.  System  uses  a  four-ineh  con¬ 
trol  le\cr  which  can  be  manipu¬ 
lated  in  any  direction.  Pushing 
forward  accelerates  car,  pulling 
back  applies  brakes.  Sidewise  move¬ 
ment  in  desired  direction  steers  cu. 
Steering  ratio  is  \aricd  with  speed. 

As  the  driver  steers,  the  com¬ 
puter  determines  the  wheel  angle 
required  to  make  the  desired  turn 
based  on  lever  displacement  and 
car’s  speed.  Brake  and  accelerator 
controls  arc  operated  by  ser\os. 

A  GM  spr)kesman  Siiid  an  analog 
computer  with  d-c  operational  am¬ 
plifiers  is  used  at  present,  lie  cau¬ 
tioned.  howeser,  that  production 
mcxlels,  when  made,  mav  be  radi¬ 
cally  different.  Transistorized  com¬ 
puters  are  a  probabilitv,  but  present 
motlel  uses  vacuum  tubes. 

In  ssstcin  demonstrated  bs'  Ford, 
only  the  steering  and  speed  range 
arc  controlled.  Two  control  levers 
replace  the  conventional  steering 
wheel  and  transmission  shift  lever. 

Right  or  left  turns  arc  made  bv 
mosing  steering  control  in  the  arr- 
responding  direction.  W'hcn  steer¬ 
ing,  an  error  signal  is  generated 
between  a  potentiometer  connected 
to  the  lever  and  a  slave  in  the  steer¬ 
ing  linkage,  lire  signal  is  boosted 
by  a  seno  amplifier  whose  output 
is  applied  to  a  torque  motor  which 
drives  a  spool  in  a  hvdraulic  valve. 
'Mils  valve  controls  hvdraulic  circuit 
used  to  move  front  wheels. 


Electronic  Tracer 


No  templates  are  needed  by  electronic 
tracer  control  vshich  scans  line  drawings 
and  steers  steel-cutting  torches.  Yracer 
system  consists  of  vibratnr-ty|>e  scanner, 
pliototransistor  and  a  closed-loop  servo. 
Unit  was  developed  by  Canadian  West- 
inglionse.  Ltd.,  for  National  Cvlinder 
Gas  Company 


FINANCIAL  ROUNDUP 


•  Western  Electric  offers  minor¬ 
ity  stockholders  (general  public) 
rights  to  subscribe  to  2,853  addi¬ 
tional  shares  of  common  stock  at 
$50  per  share,  and  at  rate  of  one 
new  share  for  each  10  shares  held. 
I'his  will  raise  $142,650.  Same  op¬ 
portunity  is  Ireing  offered  to  all 
other  stockholders  (American  Tele¬ 
phone  &'  'I’clcgraph),  explains  a 
spokesman  for  W'F!.  A'l’&'r,  which 
owns  some  99.8  percent  of  W'est- 
ern  Electric  stock,  will  subscrilre  to 
1,565,665  shares  of  stock  via  the 
right  offering  and  will  contribute 
$78.3  million  to  W'l'.’s  coffers.  Pro¬ 
ceeds  are  to  Ik*  used  for  plant  ex¬ 
pansion.  added  working  capital  and 
general  corporate  purposes. 

•  .Vircraft  Radio  Coq>.,  Boonton, 
X.  ).,  recently  paid  its  100th  unin¬ 
terrupted  quarterly  cash  dividend, 
nic  latest  pavment,  this  Spring, 
was  20  cents  per  share. 

•  BelcKk  Instniinciit,  College 
Point,  L.  1..  N.  V.,  and  Sonic  In¬ 
dustries,  I.vnbrook.  L.  I.,  N.  Y., 
announce  abandonment  of  the  plan 
for  Belock  to  acquire  Sonic  through 
exchange  of  share's.  Belock  is  pri- 
marilv  engaged  in  inilitarv  elec¬ 
tronic  systems  work  and  also  manu¬ 
facturers  marine  navigation  equip 
ment.  Sonic  makes  hi-fi  equipment. 
phom)graphs  and  radios. 

•  Avionics  C’arq).  of  America, 
Philadelphia,  Pa.,  issues  99,125 


shares  of  common  stock  at  $3  per 
share,  .\vionics  develops  and 
manufactures  electronic  test  equip¬ 
ment  and  also  makes  electronic  and 
electrical  components.  New  money 
will  Ik*  used  for  plant  construction 
and  for  working  capital.  Under¬ 
writing  is  iKing  handled  bv  Milton 
D.  Blaunder  &  Co.  and  Amos  Treat 
&  Co.,  both  of  New  York,  and 
Ilallowcll,  SulzlK’rger,  fenks,  Kirk¬ 
land  &  Co.  of  Philadelphia,  on  a 
lx;st  efforts  basis. 

•  Maine  Industrial  Building  .Au¬ 

thority  announces  that  its  rate  for 
insuring  industrial  mortgages  will 
Ik*  one  percent,  'lire  recently  cre¬ 
ated  MIB.\  insures  mortgage  loans 
granted  to  local  industrial  develop¬ 
ment  corporations  up  to  90  percent 
of  the  cost  of  new  industrial  proj¬ 
ects.  Maine  l(»oks  for  increased 
electronics  activity  in  the  Pine  'I  rce 
State  as  a  result  of  new  plant  fi-  | 
nancing  through  MIB.\.  I 

•  Smith-C'orona  and  Marchant 
Calculators  stockholders  will  vote 
June  26  on  a  previously  announced 
proposal  to  merge  the  firms.  S-C 
is  headquartered  m  Svracuse.  N.  Y., 
and  Marchant’s  headquarters  arc  in 
Oakland.  Calif.  Ihe  merged  firm 
would  Ik*  known  as  Smith  Cauona 
Marchant.  Proposed  agreement  also 
provides  for  stock  of  two  firms  to 
Ik*  exchanged  on  basis  of  1  i  shares 
of  Smith-Corona  for  1  share  of 
Marchant. 


Mobile  Radio  to 
Double  by  1968 

DF’l  Ron —.Mobile  radio  use  will 
double  in  next  ten  years.  S14  mil¬ 
lion  will  be  spent  on  equipment, 
and  licensees  will  exceed  600. 

4’hese  arc*  predictions  by  the  Na¬ 
tional  Mobile*  Radio  System  which 
held  its  10th  annual  meeting  in  De¬ 
troit  last  week. 

.Among  design  features  shaping 
up  for  the  future  in  the  growing 
medium  are  message  recorders,  di¬ 
rect  dial  svstems,  personal  paging 


devices  and  sm.iller  transistorized 
units  working  automatically. 

System  president,  Norman  Med¬ 
lar.  says  mobile*  radio  is  “definitely 
booming",  especially  in  western 
U.S.  lie  says  future  developments 
must  entail  educating  potential 
users  to  the  values  of  mobile*  radio. 

’Pomorrow’s  customers  are*  ex- 
|Kcte*d  to  include  a  growing  num- 
lK*r  of  municipal  and  medical  users, 
as  well  as  industrial  services  need¬ 
ing  rapid  links  between  field  and 
base*  personnel. 

NMRS  membership  today  draws 
on  286  license  holders.  In  1949 
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Hot  Molded  Composition 

POTENTIOMETERS 


inch  in  diaincter 
iu>t  l»c  con>cr\  p<i 
'I'hc  'oli«l.  Iu>t 


'I'his  |iii>  |»otrnlioinctcr 
—  i«  de-ijincd  for  n-c  hr 
ttithont  sacriiicinu  imtI 


molded  rfxi-lor  element  axxnrex  Ion;:  oiMTalinj:  life, 
and  lovt  noixe  lex  el  Inch  improxes  xxith  iixe.  Full 
ratine  of  ’  ■>  xxatt  at  TO*'  (’  amhient.  Axailahle  xxith 
plain  or  lock  tx|>e  hiixhinex.  and  xxith  line  sxxitch. 
'The  ’I'x  |>e  (i  can  aUo  he  xiipplietl  encapxulated  in 
e|K>\v  rexin.  Total  rexixtance  xahiex  from  |(K)  ohms 
to  5  megohms.  Available  in  all  standard  tafters. 


Encopsulaltd 


Write  for  Technical  Bulletin  5200 


hen  you  want  the  ultimate  in  |M>rforinanrc 
—  jMxtetitioineters  that  not  onlv  satisfy  —  hut 
exceed  —  the  most  rigid  moisture  resistaiiee  and 
thermal  eyeling  requirements  of  M  ll,-H-*)flt, 
Charaeteristie  "V” — insist  on  .Mien  -  Hradley. 


Allen-Bradley  Co. 

222  W.  Greenfield  Ave. 
Milwaukee  4,  Wis. 

In  Canada: 

Allen-Bradley  Canada  Ltd.,  Galt,  Ont. 


3-5B-E 


For  Printed  Circuits 
TYPE  F— Only  Vi  inch  in  diam¬ 
eter,  yet  rated  V4  watt  at  70°  C. 
Gold  plated  terminals  for  reliable 
soldering.  With  slotted  shafts  only. 

Flat . . .  Compact 
TYPE  T— Rated  Vi  watt  at70°C. 
Using  cover  as  actuator  results  in  a 
very  thin  unit ...  ideal  for  miniaturized 
equipment.  1 00  Ohms  to  5.0  megohms. 


Electronic  Components 


All«n-Bradl«y  Co.,  22S  W.  Oroonflold  Avo. 
Mllwaukoo  4,  Wl«. 

In  Canada:  Allan-Bradlay  Canada  Ltd.,  Oalt,  Ont. 


Ks|M-('iull\  for  liipli  t«Mn|H-raliin'  a|t|>li('ulions, 

tiu*  I  >  |M'  K  has  ullraronst-rvalivt'  ratings  of  I  watt  at 
12.^°  (1.  2  watts  at  H)0°  (i,  an«l  3  watts  at  7(1°  (i  ainliicnt 
t(’iii|H‘ratiin‘s.  it  can  Im*  o|MTat*‘tl  at  ITrO®  (]  —  nn<l<T  "no 
loail”  foiiilitions.  'I’lms,  the  I  >  |h‘  K  |Mil«‘ntioinrtiT  far 
siirpass«*s  tlir  rctjuirrmriits  of  rharat  tr'rislic  of 

M  I  If.  I  he  srriirl.  ilot  IIIoI(I<mI  n‘>islor  rlrtliriU 

assures  long  life.  Mii<M>tli  o|K-ratioii,  aiul  low  "noisr-" — 
partieiilarls  after  loti"  use.  Mentieal  in  si/e  ami  physical 
eonstruetion  t«>  th«*  well-kiiowii  I  )  |n‘  .1  |Mi|eiitioiueter. 
Also  furni.she(l  in  the  same  ty|M‘s  ami  resistance  ranges. 


For  Industrial 

Electronic  Applications 
Rugged . . .  Reliable  I 

TYPE  H  Hot  Molded 


Comparison  between  Type  K  and  Type  J  variable 
resistors — power  ratings  vs.  ambient  temperature. 
Type  K  far  exceeds  the  requirements  of  MIL-R-94B. 


Available  with  plain, 
lock  type,  or  watertight 
bushings.  Shafts  avail¬ 
able  as  plain  round  or 
with  screwdriver  slots. 


3-S8-E 


Composition  Potentiometer 


1  he  r>  |K-  II  variable  resistor  is  es|M‘eiall\  ilesignerl  for 
applii'ations  rerpiiring  snUMtlh  ••onirol  ami  long  life  — 
in  a  .>-watt  rating.  I  he  dual  Irar  k.  soli<l  resislam’e  ele¬ 
ment  eliminates  all  moving  metal-to-melal  elertrieal 
rontaets,  making  it  oiitslamling  for  its  low  "noise" 
eharaeteristies.  h«>lh  initially  ami  after  long  use.  It  pro- 
\  iiles  an  o|H‘rating  life  of  over  lOd.OIK)  r->eles  with  no 
a[»pre(  iahle  change  in  resistance.  'I  lie  l  yiw  II  is  rated 
.'>  watts  at  f0°  (!,  with  a  maximum  eontinuous  voltage 
of  730  volts.  Total  resistance — 30  ohms  to  2.3  megohms. 


Two  types  of  mountings 
furnished.  One-hole, 
back-of-panel  mount¬ 
ing,  at  left;  or  front-of- 
panel  mounting,  above. 


1  WATT  AT  125’C! 


HIGH  TEMPERATURE 


Hot  Moldetd  Composition 
Potentiometer 


90  iio  1M 

AMBIENT  TEMPERATURES  °C 


The  concept  of  a  numlier-reader  has  interesting  possibilities  as  a  new  means  of  commu¬ 
nication  from  humans  to  machines.  For  example, 
in  an  adjunct  to  a  telephone,  it  might  provide  inex- 
|M‘nsive  means  of  converting  handwritten  data  into 
siirnals  which  machines  can  read.  The  signals 


point.  In  this  way,  a  salesman  might  quickly  and 
easily  furnish  sales  data  to  headquarters,  or  a 
merchant  might  order  goods  from  a  warehouse. 

Modern  communication  involves  many  more 
fields  of  inquiry  than  the  transmission  and  recep¬ 
tion  of  sound.  The  experimental  nuinl>er-reader  is 
hut  one  example  of  Bell  Telephone  Laboratories 
work  to  improve  communications  service. 


Tom  nimond,  a  B.S.  in  E.E.  from  the  I’ni- 
vtTsity  of  Iowa,  demonstrates  an  experi¬ 
mental  model  of  his  number-reading 
invention.  A  similar  device  can  also  be  made 
to  read  alphabetical  eharacters.  Small  size 
and  low  power  requirements  result  from 
transistor  circuitry. 


-<  CIRCLE  11  READERS  SERVICE  CARD 


A  new  device  invented  at  Bell  I>aboratories  “reads”  a  numeral  while  it  is  Iveing  written 
and  instantly  converts  it  into  distinctive  electric  signals.  The  signals  may  be  employed  to 
make  a  numeral  light  up  in  a  display  panel,  as  above,  or  they  may  be  sent  to  a  ctnnputer  or 
to  a  magnetic  “memory”  for  storage. 

The  writing  is  done  with  a  metal  stylus  on  a  s|)ecially  prepared  surface.  Two  dots,  one 
above  the  other,  are  used  as  refereiwe  points.  Seven  sensitized  lines  extend  radially  from 
the  dots.  Transistorized  logic  circuits  recognize  numerals  according  to  which  lines  are  crossed. 


on  new  Bell  Labs  machine 


BELL  TELEPHONE  LABORATORIES 

World  Center  of  Communications  Research  and  Development 


there  were  onlv  -Ij.  Todav’s  oper¬ 
ator  runs  an  average  of  50  mobile 
units. 

Microwave  Group 
Probes  Solid  State 

Efkecis  of  FF.RRiiKS  aiid  solid- 
state  amplifiers  on  mierovvaxe  were 
demonstrated  this  month  at  a  three- 
day  symposium  sponsored  b\  tire 
IRF.  Professional  Group  ou  Nliero- 
xxaxe  Iheorx  aud  'reelinic|ucs  at 
Stanford  Unixersity. 

One  paper  told  about  ferrite 
phase  shifter  for  200  to  600  me. 
I'he  txxo-dimensional  dexiee  ex- 
Iiibits  less  than  1  db  loss,  is  ea|jablc 
of  560  deg  phase  shift. 

Also  diselosed  xvas  a  ferrite  serro- 
dyne  that  makes  possible  transla¬ 
tion  of  X-band  signals  up  to  50  ke. 

Other  nexv  ferrite  devices  intro¬ 
duced  at  a  session  included  broad¬ 
band  rotators  using  quadruplv 
ridged  circular  xvaxeguide.  a  high- 
poxxer  load  isolator  xvith  power 
capacities  of  s  kxx  at  S-baud  ancl  a 
loxv-energx  ferrite  sxvitch.  Sxvitch 
uses  a  rectangular  ferrite  ring  in 
transxerse  plane  of  the  rertangular 
xxaxcguide  and  a  single  wire  loop  in 
1 1-plane  for  magneti/ing. 

Specific  solid-state  tlcxices  dis¬ 
cussed  included  a  uhf  maser  am- 
plifxing  at  500  me  and  pumped  at 
5,500  me.  Hie  amplifier  gives  a 
10-db  gain  and  a  100-ke  bandwidth. 
It  uses  chromiuni-dopcd  [xitassium 
cobalticyanidc  at  1 .6  K. 


Follow  the  Sun 


Hcliostat  which  deflects  suiilisjht  into 
solar  fnniacc  is  centered  on  snn  by 
group  of  phototubes  and  serxo  controls. 
l•'lIrnace  is  stationary  so  its  instriinicnta- 
tion  is  not  disturbed.  OjK'rator  at  GK 
missile  lab  cheeks  teinperahire  (6,000 
F)  with  pyrometer 

New  Computers 
Shown  on  Coast 

l.OS  ANGKLF.S-  Highlights  of 
the  \\  estern  joint  Computer  Cou- 
ference  held  recently  xxcre  the  un- 
xeiling  of  three  digital  computers 
aud  a  mechanical  translation  sys¬ 
tem. 

Rapid  handling  of  large  amounts 
of  complex  d.ifa  is  feature  of  S|x.rry 
Raud’s  M-460  stored-program  com¬ 
puter.  Sxchrouoiis  logic  xvith  a 
2-uic  clock  rate  is  used.  I'lie  com¬ 
puter  operates  in  the  parallel  binary 
mode  xxitli  50  bit  iustruetion  and 
1 5  or  50-bit  data  words. 


A  model  of  a  siKCial-piirposc 
digital  computer  using  diode  and 
resistor  logic  and  approxim.itely 
1.000  high-speed  transistor  pulse 
amplifiers  xx.is  aiiiiouneed  bx  Bell 
laibs.  Oii.irt/  ultrasonic  delax  lines 
are  used  in  its  entirely  solid-state 
storage  unit. 

Primary  adxantagc  of  the  RCA 
501  transistor  eompnter  system, 
described  at  the  conference,  is  its 
high  ta|X'  and  dat.i  s|Ked. 

riic  Uiiixcrsitx  of  W  ashington 
deserilK'd  a  Russian-to-laiglish  me 
chanieal  translation  system  having 
50-megabit  |x;rmanent  storage  xvith 
50-milhseeond  access  tune. 

Engineers  Study 
Executive  Roles 

S.\CRAM1;N  r( ).  CAI.II'.— Kngi- 
nceriiig  management  is  getting 
more  attention  on  the  W  est  Coast 
these  days. 

riiis  XX  as  obvious  here  recently 
at  the  Sexciith  Regional  IRll  con- 
xention.  .\bout  1,500  attended; 
56  exhibitors  shoxved  wares. 

Educational  sessions  dclxed  into 
pro|xr  engineering  school  currieula. 
xvith  the  m.magemeiit  problem  in 
mind.  .\n<lience-participation  sym¬ 
posium  stressed  the  complexity  of 
engineering  management. 

rechnieal  pa|xrs  coxcred  coin- 
|mter  applications,  microxxaxe  de- 
xices,  missile  tracking  gear,  among 
other  siibjeets. 


MEETINGS  AHEAD 


Max  19-Junf  2:  International  Civil 
.\cronaiitics  Organization,  ICAO, 
Conf.,  Maison  de  Aviation  Interna¬ 
tionale,  Montreal,  Canada. 

Max  27-28:  Second  F.I.\  Conf.  on 
Maintainability  of  F.lectronic  F.qnip., 
Unix-,  of  Penn.,  Phila. 

June  2-4:  National  relenietering  Con¬ 
ference.  AIF.K.  ISA.  ARS,  Lord  Bal¬ 
timore  Motel,  Baltimore,  Md. 

June  2-4:  .\iitoniation  and  Computers, 
Short  Course  and  Conf.,  Univ.  of 
I  exas.  College  of  Fngineering,  .\ns- 
tin,  Texas. 

June  4-6:  .Xriiied  Forces  Comnniniea- 


tions  and  F.lectronic  .\ssoc..  Fsliihit, 
Hotel  Sheraton  Park,  W'ashington, 
D.  C. 

June  5-6:  Second  National  Conference 
on  Prodnetion  T’echiiicpies,  IRF, 
P(;PT  ,  Hotel  New  Yorker,  Nexv 
^'ork  City. 

June  9-15:  .\ntoniatioii  Seminar,  lAnirth 
.\nmial,  Pennsylxania  State  Umv., 
University  Park.  Pa 

June  16-18:  Flectrical  Contact  -Seminar 
Div.,  Pennsylvania  State  Univ, 
University  Park,  Pa 

June  16-18:  Military  l.lcctronics  Sec¬ 
ond  National  Convention.  Sheraton 
Park  Hotel,  Washington,  IV  C. 


June  17-27:  Two-Week  Special  Sum¬ 
mer  Program  in  Switching  Circuits. 
.Massatlinsetts  Institute  of  Iccli- 
iiologx,  Cambridge,  .Mass, 

June  18-20:  Radio  W  ave  Propagation, 
Statistical  .Metluxls,  Univ.  of  Calif. 
iMigineering  l-Atension,  lais  Angeles, 
Calif. 

July  6-18:  Underxxater  Missile  laigi 
iieermg.  Graduate  Course,  Penn 
State  Ibiiv.,  Universitx  Park.  P.i 

July  16-18:  Forestry,  Conservation 
Conninnncations  .\ss»x.  (I•CC.\), 

Ninth  .\minal  Conf.,  Parker  House, 
Boston,  Mass. 
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500  ma  PULSE  2*S 


SWITCHED 


SO  VOLTS 


ACTUAL  SCOPE 

photo 


INVERSE  VOLTAGE 


I  VOLT 

FORWARD  VOLTAGE 


INVERSE  VOLTAGE 


SWITCHING 

DIODE 


NEW  FROM  SPERRY  IS  this  high-tcmpcruture  S-l  30 
series  silicon  diode  which  gives  you  greater  current- 
handling  capability  than  germanium  diodes  —  with 
no  sacrifice  in  recovery  time! 

Check  for  yourself  the  performance  characteris¬ 
tics  of  this  new  diode  in  the  graphs  at  left  .  .  .  then 
compare  them  with  our  minimum  specifications 
below. 

©FAST  RECOVERY.  Maximum  recovery  time  is 
0.8  microseconds  to  return  to  10  K  ohms. 
Recovery  test  switches  from  a  forward  current  2 
microsecond  pulse  of  500  ma,  to  a  reverse  voltage 
of  —50  volts  with  a  loop  impedance  of  1  K  ohm. 


©HIGH  FORWARD  CONDUCTANCE.  The  for¬ 
ward  current  specification  is  400  ma  at  25®  C 
with  1.0  volt  maximum  drop  under  static  (d-c) 
conditions.  Conductivity  increases  with  tempera¬ 
ture-diagram  shows  typical  “.x-y”  plots  at  25® 
and  150"  C. 

®LOw  LEAKAGE  at  high  invcrsc  voltage.  Spec¬ 
ification  at  25®  C  is  maximum  0.25  /na  at 
rated  voltages. 

®HiGH  INVERSE  VOLTAGE.  Saturation  volt¬ 
ages  can  be  supplied  in  a  range  from  40  to 
200  volts  for  this  high  current  series. 


®  HIGH-TEMPERATURE  OPE  RATI  ON.  Typically, 
leakage  current  is  no  greater  than  30  (xn  at 
working  inverse  voltage  and  150®  C.  Diodes  are 
rated  for  both  operation  and  storage  at  tempera¬ 
tures  from  —65®  to  +150°  C. 


SPERRY  RANO  CORPORATION 
South  Norwalk,  Connecticut 


ADDRESS  ALL  INQUIRIES:  Marketing  Department, 
Great  Neck,  N.  Y.,  or  Sperry  Gyroscope  offices  in 
Brooklyn,  Cleveland,  Seattle,  San  Francisco.  Los 
Angeles,  New  Orleans,  Boston,  Baltimore,  Philadelphia. 
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TYPICAL  OVERVOLTAGE  CURVE 
in  mobil«  vehicle*  with 
battery-generator  power  syttem* 


For  mobile  electronic  equipment 


New  Cathodes  Lick 
The  Overvoltage  Threat 


odes  consistently  outlast  others — by 
hundreds  of  hours. 

This  significant  advance  in  electron 
tube  performance  is  one  of  the  prac¬ 
tical  benefits  that  keep  coming  your 
way  from  the  laboratories  of  Superior 
Tube  . , .  world's  leading  independent 
supplier  of  cathodes  for  electron 
tubes.  For  information  on  Superior 
cathodes,  write  for  Catalog  Section 
51,  Superior  Tube  Company,  2500 
Germantown  Ave.,  Norristown,  Pa. 


High  heater  voltages  ordinarily  doom 
electron  tubes  to  a  short  life.  But 
Superior’s  new  cathode  alloy, 
Cathaloy®  A-31,  gives  them  a  resis¬ 
tance  to  overvoltage  damage  un¬ 
matched  by  any  other  alloy. 


This  has  been  proved  in  car  radios 
and  other  mobile  electronic  equip¬ 
ment.  Voltages  commonly  range  up¬ 
wards  of  25%  over  specification.  And 
tubes  with  these  new  Superior  cath¬ 


Sur¥iv«s  high  h*afer  voUaga.  New  Superior  Tube  cothode 
prolongs  electron  tube  life  in  mobile  electronic  equipment. 


The  big  name  in  small  tubing 


Johnson  &  Hoffman  Mfg.  Corp.,  Mineola,  N.Y. —  on  affiliated  company  making  precision  metal  stamp¬ 
ings  and  deep-drawn  parts,  such  as  those  used  in  the  electron  guns  that  go  with  this  new  rathode. 
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«J*/32' 


lOI/SJ' 


Seriat  131 


Sariat  1  30 


thousands  of  “  ”  without  DELAY! 


’■’i” 


MINIATURE:  8,  10,  and  12  SMALL:  Up  to  12  positians  ADAPTABLE:  8,  10,  12. 

poiilient;  up  to  18  con-  in  phanolic,  Mycolax,  or  and  14  potilions;  many 

tocU  par  wafar.  itaolila  insulation.  variations;  aconomical. 

Sarias  A  Sarias  F  Sariat  J,  K,  N 


GENERAL  PURPOSE:  Up  LOW  COST:  Up  to  12  18-POSITION:  Singla  or  24  POSITION:  IS  throw  LOW  COST:  2  to  5  posi- 

to  12  positions;  30*.  4S'',  positions;  stoked  or  strut  double  -eyalet  fastening  handlai  complex  circuits.  tions;  fits  in  limited  spoca. 

60*  throw.  screw  construction.  of  clips.  Sarias  MF  Sariat  50,  53 

Sarias  H  Series  OH  Sarias  L 


For  Recommendations  on  Unusual  Applications,  send  us  a  sketch  and  short  description. 


O % 

1260  Clybourn  Ava.,  Dept.  C,  Chicago  10,  lllinoit 


Phene;  MOhawk  4-2222 


SWIT01ES  ROTAtY  CHOPPERS  VltRATORS 

SOLENOIDS 
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SPECIAL 

ASSEMBLIES 


SIMPLE  SWITCHING;  Up 
to  5  positions  combined 
with  AC  twitch. 

Sarias  52.  54 


SIMPLE  SWITCHING:  Up 
to  4  positions;  numerous 
variations. 

Sariat  20 


LEVER  OPERATED:  2  to  5  CONCENTRIC  SHAFTS: 
potitions;  numerous  var-  Duel  and  triple  thefts 
siont  using  std.  wafers.  mony  wafer  types. 

Sariat  185 


FOR  PRINTED  CIRCUITS: 
Special  lug  designs  for 
direct  insartions. 


CUSTOM-Mi 
TO  YOUR 


SOLENOID  SWITCH;  Oak 
wofert  with  G.  H.  Leland 
type  el  Rotary  Solenoid. 


2-POSITION,  Shorting  COMPLICATED  SWITCH-  COMPACT— 2  to  4  poti- 

typa  with  floating  slider.  ING;  2  to  4  positions;  up  tiont;  mox.  twitching  in 

Sariat  70  poles;  very  thin.  min.  space. 

Sariat  1 50  Sariat  1 60 


PUSHBUTTON 


'*1  I-1/8" 


SINGLE  BUTTON — 1  to  4 
poles;  spring  return  and 
push-push. 

Sariat  170,  175 


SIMPLER  CIRCUITS;  3  to 
12  buttons;  vary  adopt- 
oble  unit. 

Sarias  80 


COMPLICATED  CIRCUITS:  ULTRATHIN;  1  to  12  but- 

1  to  18  buttons,  up  to  32  tons;  up  to  14  contacts 

contacts  each.  par  button. 


ARE 


^  Ia/v 


NYLO-FAST  ALL-NYLON  FASTENINGS 
OPEN  NEW  HORIZONS  IN 
ELECTRONIC  DESIGN  AND  FABRICATION 


signers  throughout  industry  and  in 
several  government  departments  now 
specify  “NYLO-FAST  fastenings.” 


NYLO-FAST’s  low  dielectric  constant 
and  high  dielectric  strength  reduce  the 
number  of  components  in  many  assem¬ 
blies  by  eliminating  the  need  for  insulat¬ 
ing  bushings,  washers  and  couplings. 

Consolidating  several  functions  in  one 
fastening,  (NYLO-FAST  also  offers  high 
resistance  to  heat,  shock,  vibration  and 
chemical  solvents)this  new  product  cuts 
assembly  costs  and  permits  space  sav¬ 
ing  by  reducing  “safety  arc”  space. 

Recognizing  these  advantages,  de¬ 


Don’t  just  take  our  word  for  it.  Make 
your  own  most  rigorous  tests.  Deter¬ 
mine  the  value  of  these  new  fastenings 
to  you,  in  design  engi- 
neering  and  practical, 
^  profitable  fabrication. 

\  Write  today  for  the 

,  ^  NYLO-FAST  sam- 

pling  kit. 


PLASTICS  DIVISION 


METAL  PRODUCTS  CO.,  INC 

CASTIETON-ON-HUDSON,  NEW  YORK 


CIRCLE  16  READERS  SERVICE  CARD 


A^oy  23,  1958  —  ELECTRONICS  engineering  edition 


OPERATING  IIMnilllMnil 
.CONVENIENCE 


rm  Ml  OKUOKOH 


a 


»  •  % 
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'I’his  new  fast-rise  oscilloscope  with  the 
Tektr<»nix  Plug-ln  Feature  is  extremely 
versatile  and  easy  to  operate.  With  a 
single  lype  S3/S4  fast-rise  plug-in  pre¬ 
amplifier  the  Type  3  handles  the  usual 
applications  in  the  IX.-to-M)  MCI  range. 
Many  other  inexpensive  plug-in  units 
are  available  for  the  more-specialized 
jobs,  including  one  tor  transistor  rise, 
fall,  delav  and  storage  time  testing. 


TYPE  543 

DC  to  30  MC 


nnnii 


nnnn 


MAIN  CHARACTERISTICS 


VERSATILITY 

Nine  Avoiloble  Plug  in  Preomplifiers^ Wide  Band,  Dual  Troce, 
Low  Level,  DiPerential,  and  others  for  specialized  applications. 

HIGH  PERFORMANCE 

DC  to  30  MC  with  fast-rise  plug-m  units 
DC  to  24  MC  with  duol-troce  plug*in  unit. 

0.02  jisec  cm  to  15  sec  cm  sweep  range. 

EASY  OPERATION 

24  Colibrated  Direct-Reading  Sweep  Rates 
Sweep  Magnification  — 2,  5,  10,  20,  50,  and  100  Times. 
Preset  Triggering  — Eliminotes  triggering  adiustments  irs 
most  applications 

Single  Sweep  Operotion  — Lockout  Reset  Circuitry  for 
one  shot  recording. 


HIGH  WRITING  RATE 

250  cm  /isec  lO-kv  accelerating  potential  assures  bright  trace 
for  operation  in  single-sweep  opplications,  and  with  low  sweep 
repetition  rates 


TYPE  543  PRICE,  without  plug-in  units .  SI  200 

Type  53  54K  Fost-Rise  Unit  .  $125 

Type  53  54C  Duol-Trace  Unit  .  $275 

Type  53  54R  Transistor  Test  Unit  .  $300 

Prices  f  o  b.  foctory. 


Please  call  your  Tektronix  Field  Engineer  or  Repre¬ 
sentative  for  complete  specifications  and,  if  desired, 
to  arrange  for  a  demonstration  at  your  convenience. 


ADD  SWEEP  LOCKOUT  to  your  Tektronix  Type 
53  t  and  541  Oscilloscopes— order  Modification  Kit 

KS31  Sweep  Lockout,  Tek.  040-118  .  $25 

P.  O.  Box  831  *  Portland  7,  Oregon 

for  Type  532 

K532  Sweep  Lockout,  Tek.  040  -147 . $25  Phone  CYpress  2-261 1  •  TWX-PD311  •  Cable:  TEKTRONIX 


Tektronix^  int* 
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There’s  a 


“one -be  St 
voltmeter” 


for  every  job... 
and  you’ll  find  it  here! 

Makeshift  measurement— where  you  stretch  a  faithful  but  out¬ 
moded  instrument  to  or  beyond  its  limitations  — this  takes  time. 
Save  engineering  time  by  choosing  and  ordering  now  the  “one-best” 
-hp-  voltmeters  fitting  your  measurement  need,  -hp-  offers  a  com¬ 
plete  array  of  precision,  dependable  voltmeters,  each  specifically 
suited  to  a  given  type  of  voltage  measuring  job.  Check  the  brief 
data  here,  then  ask  your  -/ip-  representative  for  demonstration  — 
on  your  bench  and  on  your  problems! 


WIDE  RANGE— 10  cps  to  4  MC 

-hp-  4000,  probably  the  best  -hp- 
voltmeter  ever  built.  Covers  all 
frequencies  10  cps  to  4  MC.  Ex¬ 
tremely  sensitive,  accurate  within 
±2%  to  1  MC,  measures  0.1  mv 
to  300  V.  Direct  readinK  in  dbm. 
10  megohm  input  impedance  in¬ 
sures  negligible  loading  on  cir¬ 
cuits  under  test.  New  amplifier 
circuit  with  56  db  feedback  in¬ 
sures  maximum  stability  and  free¬ 
dom  from  change  due  to  external 
conditions.  $225.00. 


MULTI-PURPOSE  to  600  KC— $200 

-hp-  400AB,  unique  value,  broad 
utility  and  long-term  dependabil¬ 
ity  in  a  low  cost  laboratory  instru¬ 
ment.  Covers  10  cps  to  600  KC, 
measures  from  0.3  mv  to  300  v  in 
11  ranges.  High  stability,  high 
sensitivity,  accuracy  —  2%  full 
scale  from  20  cps  to  100  KC.  10 
megohm  input  impedance;  25MMf 
shunt.  Meter  reads  direct  in  volts 
and  dbm.  $200.00. 


EXTREME  ACCURACY  of  1  % 

-hp-  400H,dcsigned  for  users  who 
need  highest  accuracy  within  d: 
1%  to  500  KC,  ±  2%  to  1  MC 
and  ^  5%  full  range.  Covers  fre¬ 
quency  range  10  cps  to4  MC.  Has 
5"  meter  with  mirror  scale,  mea¬ 
sures  voltages  0.1  mv  to  300  v. 
High  10  megohm  resistance  mini¬ 
mizes  circuit  disturbances;  ampli¬ 
fier  with  56  db  feedback  insures 
lasting  stability.  Direct  reading 
in  db  or  volts.  Extremely  high 
quality  throughout.  $325.00. 


•hp-  also  offers  a  broad  variety  of  voltmeter  accessories  including  voltage  dividers,  connectors, 
shunts  and  multipliers  to  extend  the  useful  range  of  your  equipment.  Details  on  request  from 
your  -hp-  representatives  or  direct;  or  see  page  46  of  current  -hp-  catalog. 
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SPECIFICATIONS  -hp-  400L 

Voltage  Range:  0.3  tnv  to  300  v,  13  ranges,  1  ■3-10-30  sequence. 

Frequency  Range:  10  eps  to  4  MC 

Accuracy:  —  2%  of  reoding,  or  ±  1%  of  full  scole,  whichever  Is  more  occurote, 

50  cps  to  500  KC;  —  3%  of  reading,  20  cps  to  1  MC;  —  5%  of  reoding,  10 
cps  to  4  MC  (Includes  line  voltoge  chonges  103  to  127  volts.) 

long  Term  Stability:  G,n  reduction  in  amplifier  lubes  to  75%  nominol  causes  less  than  0.5%  error, 

20  cps  to  1  MC 

Calibration:  Calibrated  in  RMS  value  of  sine  wove.  Log  voltage  scale,  0.8  to  3  v  and  0.3  to 

1  V.  Db  scole  -  12  to  +  2  db.  10  db  intervals  between  ranges. 

Input  Impedance:  10  megohms  shunted  by  15  1  to  300  v.  25  fi/if  shunt  on  0.(X)1  to  0.3  v  range. 

Amplifier  Usage:  Output  lerminols  permit  400L  to  amplify  smoll  signals  or  monitor 

waveforms  with  on  oscilloscope. 

Power  Supply:  115/230  v  —  10%,  50/1,000  cps,  approx.  100  wotts. 

Price:  -hp-  400L  (cobinet)  $325.00.  -hp-  400LR  (rock)  $330.00. 


Data  subject  to  change  without  notice.  Prices  f.o.b.  foctory 


NEW! 

-hp-  400L 
Logarithmic 
Voltmeter 


High  accuracy 
10  cps  to  4  MC 
5"  true  log  voltage  scale 
Linear  12  db  scale 


10  db  range  steps 
Generous  scale  overlap 


New,  convenient  -hp-  400L  is  a  unique  instrument  combining  a  specially 
designed  logarithmic  meter  movement  with  the  many  desirable  features  of  -hp- 
4001)  and  400H  voltmeters. 


Model  400L’s  logarithmic  voltage  scale  plus  unusually  long  scale  length 
provides  an  instrument  of  maximum  readability  and  an  accuracy  which  is  a 
constant  percentage  of  the  reading.  Voltage  scales  are  more  than  5"  long, 
with  a  12  db  scale  spread  across  the  full  scale  length.  The  meter  is  mirror 
backed  for  maximum  accuracy.  A  range  switch  changes  voltage  sensitivity 
in  10  db  intervals.  This  feature,  together  with  the  12  db  scale,  provides 
generous  overlap  and  is  of  particular  convenience  in  work  involving  decibel 
levels. 


Other  features  of  the  new  4001.  include  exceptional  long  term  stability,  high 
sensitivity,  high  input  impedance,  large  overload  capacity,  compact  size  and 
highest  quality  construction. 


.Model  400L  may  also  be  used  as  a  stable  amplifier. 


-hp-AtOB,  perliaps  t)ie  most  wide¬ 
ly  Used  of  all  precision  voltmeters. 
In  addition  to  20  cps  to  7iH)  MC 
ac  coveraKc,  serves  as  a  dc  volt¬ 
meter  with  over  100  meKohms  in¬ 
put  impedance.  .-Mso  is  olimmeter 
for  measurements  0.2  ohms  to  SOO 
meKohms.  For  ac  measurements, 
input  capacity  I.S  ppf,  10  mcK- 
ohms  input  impedance,  employs 
radical  -A^-developed  diode 
probe  whicli  virtually  eliminates 
circuit  loadinK-  $245.00. 


STANDARD  OF  INDUSTRY— 
20  cps  to  700  MC 


makes  over 
350  basic 
test  instruments 
for  science, 
industry  and 
the  military 


t 

i 


HEWLETT-PACKARD  COMPANY 

4650A  PAGE  MILL  ROAD  •  PAIO  ALTO,  CALIFORNIA,  U.  S.  A. 
Cable  "HEWPACK”  •  OAvenporl  5-4451 
FIELD  ENGINEERS  IN  All  PRINCIPAL  AREAS 


ELECTRONICS  engineering  edition  — May  23,  1958 


CIRCLE  19  READERS  SERVICE  CARO 


25 


Lumped-constant 

DELAY  LINES 

the  way  you  want  them! 


If  you  ro  involved  with  lumped^constant  delay  lines,  draw  closer.  Epsco  hos  application* 
engineered  a  wide  range  of  such  devices  for  coding,  decoding,  telemetering  systems,  speech 
synthesis,  outo  and  cross>correlation,  trigger  delay,  pulse  forming  circuits,  etc. 


Epsce  li««  met  these  limits  —  wh^  ere  yeers? 

•  Delays  from  ^0  millimicrosecondv^to  200  milli- 
secof^s  or  longer,  if  desired. 

•  Delay  to  rise  time  ratios  up  to  SO. 

•  Delay  tolerance  of  0.1%  or  10  millimicroseconds, 
whichever  is  greoter. 

•  Characteristic  impedance  tolerarice  of  1%  from 
« so  to  5,000  ohms. 

•  Spurious  signols  measured  at  the  tfneinated  input 
after  twice  delay  time  con  be  held  tb  less  than  1%.' 

•  TemperOture  compensation  to  ^10  ppm/^  over 
o  range  of  — 50®C  to  +150^.  (Patent  pending) 


Unique  packaging  is  our  meat:  just  tell  us  your  space,  configuration  ond  mounting  requirements 
ond  performance  specifications.  If  you  ore  concerned  with  environmental  problems,  we  will 
test  your  delay  lines  for  shock,  vibration,  moisture,  altitude,  temperoture,  etc.,  in  Epsco's 
own  in>plont  ertvironmen^ol  loborotory. 


Custom  engineering*production  of  electronic  components  (shift  registers,  magnetic  logic 
elements,  delay  lines,  special  pulse  transformers,  etc.)  is  our  specialty.  You  con  count  on 
Epsco's  cooperation  and  conscientious  service  right  down  the  line.  Your  inquiry  will  receive 
prompt  action.  Write  for  Delay  Lines  Technical  bulletin  DL-55. 

Eptco,  Incorporoted,  Dept.  R127,10S  Cwmmington  St.,  Boston  15,  Mott. 


ST ART‘TO~FINISH  cooperation  ....  on  Epsco  guoronfee 


COMPONENTS 


For  ftoftdord  19'inch  rock  mounHog 
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Attenuator 


FORCED  AIR  COOLED! 


X*BANO  FtRRITC  COMPONENTS 


MODU  VSf  IIEO.IAISt  MAX.AV.rOWEI  INSEITION/ISOIATION  OIMENSIONJ 

A44X1  Isolator  8200-12400  me  400  w  Idb  lOdb  1.5''dia.xS 

A43XI  ,  Variable  8500- 9600 me  10 w  Idb  30dbvar.  1.5''dia. x2 


4.- 


MICROWAVE  ELECTRONICS  DIVISION 


S  HHf 


emscopi  coMPJiMr 


■  Great  Neck,  New  York 

DIVISION  OF  SPERRY  RAND  CORPORATION 

•  *00«lVN  •  ClCVCl*ND  •  NtWODltANS  •  iOSANCtlCS  '  SAN  fAANCISCO  •  SCAITIC.  IN  CANADA!  SAt**YOVaOSCOI*r  CCoAANY  dr  CANADA.  LIMITCO.  MONTREAI.,  QUEBEC 
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Another  Sperry  contribution  to  improved  per¬ 
formance  of  radar  systems  is  this  new  Model 
D44SI  ferrite  isolator.  It  boosts  efficiency  of 
Si-band  radars  by  allowing  optimum  operation 
of  high-power  tubes. 

In  addition,  this  isolator  protects  high-power 
tubes  from  load  mismatches,  and  eliminates 
frequency  and  power  variations  due  to  chang¬ 
ing  load  impedances.  It  is  rated  at  5  megawatts 
peak,  5  kilowatts  average,  and  features  inser¬ 
tion  loss  of  less  than  0.3  db.  Compact  and 
small,  the  Model  044S1  measures  only  6  inches 
in  length  and  8  inches  in  diameter.  And  its  air¬ 
cooled  design  eliminates  the  extra  expense  and 
weight  of  liquid-cooling  accessories. 

Currently  Sperry  has  under  development  or 
in  production  a  wide  variety  of  ferrite  devices 
in  addition  to  those  shown  here.  These  include 
megawatt  duplexers,  coaxial  duplexers,  octave- 
plus  bandwidth  isolators  and  attenuators,  high¬ 
speed  switches,  modulators  and  choppers. 

.Sample  quantities  of  the  listed  units  arc 
available  immediately  from  our  stock  for  test 
and  evaluation  in  your  system,  with  a  view  to 
production  tailored  to  your  specific  require¬ 
ments.  Contact  our  nearest  district  office  for 
further  information. 


EOIEI 

ISE 

EIEO  lANtE 

IIAX.AV.>0WEI 

INSEITION/ISOUTION 

DIMENSIONS 

A44L1 

Radar 

1250-1365  me 

400  w 

Idb 

10  db 

3"  dia.  X  13.25- 

A44S1 

Radar 

2700-3100  me 

10  w 

Idb 

10  db 

1.5-dia.  X  5- 

D44L1 

Relay 

1700-2400  me 

30w 

1.5  db 

21  db 

3-  dia.  X  13.25" 

A44S4 

ECM 

2000-4000  me 

400  w 

Idb 

10  db 

3"  dia.  X  13.25" 

COAXIAL  FERRITE  ISOLATORS 


MODEL  044S1  SPECIFICATIONS 


Power;  5  mw  peak.  5  kw  average 
Frequency:  2700-2900  me 
Insertion  loss:  less  than  0.3  db 


Isolation:  10  db  min. 
Cooling:  Forced  air 


New  5-megawatt  ferrite  isolator 
for  high-power  radars 


Accurate,  rapid  microwave 
power  measurements 


Sierra 

Model  186A-Z 


Liquid-cooled 


COAXIAL  LOAD 


Sierra  Model  1{M)A  series  are  new 
high  accuracy  wafer  loads  sj)ecifi- 
tally  designed  for  use  with  Sierra 
Mcnlel  19()A  Calorimeter.  The  new 
loads  provide  swift,  sure  and  sim¬ 
ple  measurements  of  priwers  from 
100  watts  to  2000  watts  with  an  ac¬ 
curacy  of  approximately  2^c.  Mo«lcl 
186A-Z  covers  the  frequency  range 
from  dc  to  1500  MC;  Model  186A-W 
from  750  M(]  to  I0(K)  MC.  W  ilh  oil 
coolant.  Model  106A-Z  can  he  used 
to  10(K)  M(>.  Ilolh  models  have  low 
V  SW  II  over  frequertcy  range.  \V  hen 
us<'d  with  Sierra  19()A  (iaiorimeter, 
calibration  can  he  made  with  00 
cycle  line  current.  The  dissipative 
element  in  the  load  is  a  metallic  fdm 
resistor  which  insures  extreme  time 
and  tem|>erature  stahility. 


Sierra  180 A  series  loads  are  de¬ 
signed  for  use  with  rigid  1%"  co¬ 
axial  transmission  line  (mating with 
LG-50/U.)  Request  Bulletin. 


Sierra  Electronic  Corporation 

A  Subtidiary  of  Philco  Corporation 
3664A  Bohannon  Dr.,  DAvenport  6*2060,  Menlo  Pork,  Calif. 

Solet  Bepretentotives  in  mojor  cities 
CANADA:  Atlot  tnifrumeni  Corp.,  ltd.,  Torente,  Montreol,  Voncouver, 
Winnipeg 

EXPORT:  Prazor  A  Honsen,  Ltd.,  Son  Proncitco,  New  York,  lot  Angeiet 
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Custom  designed  cooling  is  our  business  at  Ellis  and  Watts.  For  example,  we  have  recently 
engineered  and  built  highly  specialized  equipment  for  the  following  applications: 

■  Liquid  coolers  for  electronic  components  (bulletin  94) 

■  Cooling  Klystrons  with  air  to  liquid  heat  exchangers  (bulletin  95) 

■  Special  units  to  cool  airborne  electronic  gear  (bulletin  99) 

■  Cooling  equipment  for  huge  complex  electronic  computers  (bulletin  102) 

■  Electronic  console  and  rack  coolers  (bulletin  105) 

■  Small  portable  field  units  to  cool  huts  filled  with  electronic  gear  for  missile  ground  support, 
battlefield  television,  communications  and  radar  (bulletin  106) 

■  Conditioning  systems  for  Radome  shelters  (bulletin  108) 

■  Mobile  cooling  units  for  trailer-mounted  electronic  systems  for  missile  and  aircraft  ground 
support  (bulletin  111) 

■  Units  to  cool  automatic  landing  devices  for  carrier  and  land-based  aircraft  (bulletin  122) 

■  Cooling  equipment  for  fixed  or  mobile  flight  training  simulators  (bulletin  124) 

■  Dewpoint  control  equipment  for  pressurized  radar  waveguides  (bulletin  128) 

These  are  but  a  few  examples.  On  land  (MIL-E-5272A),  on  the  sea  (MIL-E-16400B),  in  the  air 
(MIL-E-54(X)B)  — even  in  outer  space  (MIL-E-8189A)  —  E-W  specialized  cooling  equipment  guaran¬ 
tees  the  performance  of  your  electronic  systems,  independent  of  environmental  conditions,  for 
military  or  commercial  applications. 

If  your  project  involves  cooling  . . .  it’s  a  job  for  Ellis  and  Watts.  We  are  staffed  with  special¬ 
ists  who  will  analyze  your  requirements,  submit  a  proposal,  design  and  build  equipment  promptly 
and  to  your  complete  satisfaction.  Field  installation  and  maintenance  services  available. 


r - 1 

i  Ellis  and  Watts  Products,  Inc.,  Dept.  E,  Cincinnati  36,  Ohio  I 

I  Please  send  the  following  information; 

j  □  Bulletin  94  95  99  102  105  106  108  111  122  124  128  (circle  numbers  desired)  j 

I  □  Cooling  load  calculating  Nomogram  I 

}  □  Booklet  "How  to  determine  requirements  for  cooling  electronic  equipment’’ 

I  Name . Title .  I 

I  Company .  I 

I  Address .  I 

I  City . lone . State .  I 

- J 

Euis  iiiiD  limns  piioDucrs,iiic 

Cincinnati  36,  Ohio. 

Designers  and  builders  of  MIL-AC  Units 
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Enrupsiilated  Indiirtancps 


Millen  for  -X PPl.KlA  I  K>\  rnraftMilaled  rr»ilH  |irri\idr  anothrr  ailvanoe 

in  thr  r^f  indiirUir  fieiil.  Mcnli'rii  appliratifm  rrcpiirr*  miniattirr.  hrat  ami  ridd  rr* 
»i^tant«  li«^rni<'tirall>  )»eaU‘d.  and  ahra«M»n  n‘*«i>>tant  r-f  indiirt(»r  a^r^mldie*.  Tlir  Janir** 
Millen  Manufaetiiring  ilonipan>  ha<*  pi«*nerr(*d  iiian>  adxatu’r^  in  the  r^f  indiirt<ir 
field,  irieliidina  the  non  <>tandard  I  pi  r>f  choke,  the  a\ial  lead  r*f  choke,  and  llie  minia¬ 
ture  r-fclK»ke.  I)e\rh»pmeiit>i  ha%e  non  made  |>o*iHihle  another  ad\ance,  the  Nf».  '11.101 
and  No.  J'iOl  encap^ulateil  inductor^  hermetically  sealed  -  minialtire  ni/.e.  \mhieiit 
tenifterature  mitiiiK  .Vi  dearecK  t«»  pin?*  PMI  dearer-  ( 


i:\(:\i»sri.\  ri:i) 


,N().  J.KU  MIMX'K’Ki; 

INfJlCTWCKS 

DKSlCiNKD  for  A  PPl.lf  -  A'l  If  >N  miniature  indiictam'eta  are:  extremely  Hrriall  (wee 
tahle  at  riaht) — hermeticalU  sealed  Hound  on  axial  lead  fiarlMm>l  c<»re-  i*4ilor 
cmled.  are  a\ailalile  in  UK  IMA  standard  \atue4  pin**  2.'>.  l.>0,  .'i.'Vfh  '>4MI. 

and  2.'^Kt  micn»henrieH.  (icuU  are  three  la>er  ««>leiioidf*  up  to  'kVl  microhenries.  I  nmi 
3f»fl  t(»  2VKI  mirrfdienriet*  coiU  are  pi-Hoiind.  (.iirrent  ratina  >4)  to  MK)  miltiam|M*reii 
de|iendiiia  un  rH»il  size.  Inductance  *  .  SfM*cial  coil-*  on  *»nler. 

NO.  :u;5<ll  ST\M)\KI)  KNCM’Sl  I.M  l.l) 

IM)l  CTWCKS 

Kncapi^ulated  l)KSI(»  \  h.l)  for  V PPI.K  .  \'l  If  >N  axial  Icatl  phenolic  form  r-f  induct¬ 
ances.  Ilcrnietically  sealed— heat  re-i^tant — ahrashm  proof  ctilor  I'mled.  I  to  .'V'lfl 
microhenries  a\ailahle  in  KKIMA  standard  \ahie-  phis  25,  5f).  I-Vl,  25fh  and  .'k50 
microhenries.  Inductance  ^  59^.  \  allies  available  in  same  progression  ai^  J301  coils 
listeii  in  the  tahle  at  the  right.  Solemad  ninding  for  I  t<»  15  microhenries.  1  ni%ersal 
pi  Hinding  from  20  microhenries  to  3.5f)  microhenries,  f  Current  rating  25f)  to  i.54N) 
iiiilliam|»eres,  deiiemling  on  C4»il  size.  Amhient  tem|»eratiire  range  -minus  55  degrees 
to  plus  IfKl  degrees  Ontigrade.  Size:  inches  diameter  X  Ja  inches  long.  Siiecial 

coils  on  order. 


coil 

INDUCTANCE 

DIAMETER 

lENOTN 

NUMtIR 

MICROHINRIIS 

INCHES 

INCHES 

J30I-2S 

25 

Vi* 

Vi* 

J30I-33 

33 

Vi* 

VW 

J301-47 

47 

Vi* 

Vi* 

J 30 I -50 

50 

*1* 

Vi* 

J30I-82 

82 

w* 

Vi* 

1301 -100 

100 

M* 

•/I* 

J301-120 

120 

VI* 

Vi* 

J30I-I50 

150 

»1* 

VI* 

J30I-200 

200 

Vi* 

Vi* 

J30I-220 

220 

Vi* 

*1* 

J30I-250 

250 

v. 

Vi* 

J 30 1-300 

300 

Vi* 

Vi* 

J30I-330 

330 

Vi* 

•1* 

J30I-350 

350 

Vi* 

Vi* 

J30I-360 

360 

Vn 

VS 

J30I-390 

390 

V» 

vs 

J301-430 

430 

Vv 

vs 

J30I-470 

470 

'/. 

J 30 1-500 

500 

'/* 

"/I* 

J301-5I0 

510 

".1* 

J30I-560 

560 

"l* 

J30I-620 

620 

'/* 

"1* 

J30I-680 

680 

Vn 

V. 

J30I-750 

750 

•v 

vs 

J30I-820 

820 

vs 

J30I-910 

910 

VH 

vs 

J30I-I0O0 

1000 

vs 

J30I-I200 

1200 

»1* 

'VI* 

J30I-I300 

1300 

Vi* 

'Vi* 

J30I-I500 

1500 

Vi* 

'Vi* 

J30I-I800* 

1800 

*1* 

'Vi* 

J30 1-2000 

2000 

H 

% 

J30I-2200 

2200 

V4 

vs 

J30I-2400 

2400 

H 

vs 

J30I-2500 

2500 

VS 

vs 

JAMES  MILLEN  MEG.  CO.,  INC. 

MA!N  OFFICE  ^  FACTOKY 

^  MALDEN,  MASSACHUSETTS,  U.S.A. 


CIRCLE  24  READERS  SERVICE  CARD 


May  23,  1958  —  ELECTRONICS  engineering  edition 


ONLY  RELAY  WITH 
DRY  CIRCUIT  and  10  AMPS 


HERMETICALLY  SEALED 


Here  is  the  only  relay  known  to  combine  dry  circuit  and 
10  amps  in  a  single  enclosure.  It’s  available,  /«  s/oc/k, 
for  24  hour  delivery  from  Relay  Sales,  the  world’s 
largest  relay  distributor.  We  now  have  in  stock  33  differ¬ 
ent  E  M  S  relays  in  one,  two,  three  and  four  pole  models. 


BALANCED  ARMATURE  MAKES  EMS  RELAY  COMPLETELY  VER¬ 
SATILE.  ALL  MODELS  SURPASS  MIL  R  SPEC  5757C,  6106C,  2S018 


Write  for  Complete  Details  in  Bulletin  8601 


SPECIAL  EMS  CONSTRUCTION  FEATURES 


ConlocI  Board 
Mounting  Brocket  with 
inlegrol  tpring  return 

Return  Spring 
Contoct  Spring 
AAounting  Board 


Contact  Spring  . 
Moving  Contoct  . 
Stationary  Contoct  . 
Stationory  Contact 
AAounting  Board  . 


Balancing  Slug 


Frame 


STOCKING  DISTRIBUTORS  OF  ALL  TYPES  OF  RELAYS  BY  LEADING  MANUFACTURERS 


0yF<l«w  Ltoch  PhilU^ 
IWdric 


iltctfk 


RELAY  SALES,  Inc 
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T  r 


radio 


computers 


AMP  Incorporated 
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greater  design  versatiiitv—  they  can  be  applied  in  any  arrangement  to  any  section  of  the 
perimeter  of  the  printed  circuit. 


two  way  cost  reduction—  production  time  and  material  costs  are  reduced  through  solderless 

termination  of  the  connector  to  the  wire  (4,000  terminations  per  hour) 
and  the  ease  of  applying  the  Edge  Connector  to  the  printed  circuit 
without  molded  parts. 

Additional  Information  la  avallabla  upon  raquast. 


GENERAL  OFFICES:  HARRISBURG,  PENNSYLVANIA 

A>MP  products  and  engineering  assittance  are  available  through  wholly-owned  subsidiaries  in:  Canada  e  England  e  France  a  Holland  e  Japan 


Tha  naw  AMP*Bdga  Connaotor  givaa  you  ... 

your  printed  circuit  area  and  completed  unit  are  not  limited  by  the  size 
of  connection,  as  found  in  alternate  methods  of  edge  connection. 
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Kfc-.^ter  fie'-  *'- 


Oawgti'BngInoarod 


vrNli  PoaMva  Wiping  Oontaot 


And  PrIotlonAl  Onppatgo 


AMP-EDGE 
HAS  THE  ZDGE  ON 
PRINTED  CIRCUITS 


Jt 


A  really  NEW  drawing  material 


Ozalid  DURATRACE 


superior  to  cloth  for  pencil,  other  drafting 
—  at  far  less  cost  — _ — — 


Kxtr('m»*ly  durable,  practically  ageless— that’s  new  Ozalid 
Duratrace  drawing  film.  Duratrace  can  spe«*d  your  draft¬ 
ing  operations,  insure  greater  accuracy  and  finer  prints. 
It  can  be  u.sed  under  ail  climatic  conditions  and  it  will 
still  maintain  its  exceptionally  high-<limensional  stability. 
And  Duratrace  saves  you  money!  Not  only  will  it  out¬ 
perform  the  high«*st  quality,  moistureproof  pencil  trac¬ 
ing  cloths  in  every  n*spect— it  actually  costs  15^,^  to 


copies  with  maximum  contra.st.  Duratrace  won’t 
stretch,  melt  or  peel  in  your  copying  machine.  Dis¬ 
tortion  of  drawings  is  ended. 

•  Stands  up  to  roughest  usage — indefinitely 
Ea.sy  to  handle  and  file,  Duratrace  resists  wear  and 
tear— is  almost  ageless!  Its  fold  and  tear  strengths 
far  exceed  those  of  cloth,  most  other  films.  Duratrace 
can’t  fray,  become  “dog-eared,”  crack,  chip,  or  turn 
brittle.  It’s  nonyellowing  .  .  .  really  waterproof;  can 
be  filetl  indefinitely,  without  deterioration ! 

Why  not  test  this  advanced  new  drawing  material  and 
discover  for  yourself  its  many  advantages  and  applica¬ 
tions?  Just  mail  the  coupon  and  you  will  receive  free 
sample  and  price  information. 


HKRE  ARE  A  FEW  OF  ITS  Ol'TSTANDINO  ADVANTAGES: 

•  Makes  drafting  easier,  improves  accuracy 
Duratrace  ha.s  an  exclu.sive  new  fiber-free  matte  sur¬ 
face  that  takes  pencil  better  than  any  cloth  available. 
It  lets  you  u.se  hard  pencils  for  greater  accuracy, 
cleaner  drawings.  It  era.ses  easily  and  ()uickly  without 
smudging.  And  Duratrace  lies  tlal,  won’t  curl— even 
after  being  rolled  for  long  periods. 

•  Gives  you  better  prints,  faster 

The  very  high  translucency  of  Duratrace  means  faster 
copying  in  your  whiteprint  or  blueprint  machine — 


DURATRACE.  Division  of  Ozalid 
Dept.  L-S-23 

Johnson  City,  New  York 


I’lt'ii.sp  »pn(I  mi‘  a  froo  tost  samplo  of  Ozalid  Dl'K ATKACE 
I  undiTstand  thor*-  is  no  ohIiKation. 


A  Diviiion  of  General  Aniline  &  Film  Corporation 
In  Canada:  Hoghei  Oweni  Company,  ltd.,  Montreal 
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How  BUSS  fuses  can  help  you  solve 

electrical  protection  problems 


BUSS  offers  the  widest  possible 
selection  of  fuses  to  meet  your  exact 
electrical  protection  requirements.  The 
complete  BUSS  line  of  fuses  includes: 
single  -  element,  quick  -  blowing  type ; 
single-element  for  normal  circuit  pro¬ 
tection  type;  dual-element,  slow  blow¬ 
ing  type  and  signal  or  visual  indicating 
types . . .  ranging  in  sizes  from  1/500 
ampere  up —  plus  a  companion  line  of 
fuse  clips,  blocks  and  holders. 

ELECTRONIC  TESTING  ASSURES  DEPEND¬ 
ABILITY:  With  BUSS  fuses,  dependable 
electrical  protection  is  not  left  to  chance. 
Every  BUSS  fuse  is  tested  in  a  sensitive 


electronic  device  that  automatically 
rejects  any  fuse  not  correctly  calibrated, 
properly  constructed  and  right  in  all 
physical  dimensions. 

By  operating  as  intended,  BUSS 
fuses  provide  maximum  protection 
against  damage  due  to  electrical  fault 
and — BUSS  fuses  eliminate  shutdowns 
caused  by  needless  blows.  Hence,  BUSS 
fuses  help  the  good  name  of  your  pro¬ 
duct  for  service  and  reliability. 

FUSE  ENGINEERING  HELP:  If  you  have 
a  special  problem  in  electrical  pro¬ 
tection,  BUSS  engineers  are  at  your 
service  —  and  in  many  cases  can  save 


you  engineering  time  by  helping  you 
choose  the  right  fuse  for  the  job.  When¬ 
ever  possible,  the  fuse  selected  will 
be  available  in  local  wholesalers’  stocks 
that  your  device  can  be  serviced  easily. 

For  more  information  on  the  com¬ 
plete  line  of  BUSS  and  FUSETRON 
Small  Dimension  Fuses  and  Fuse- 
holders,  write  for  bulletin  SFB. 

Bussmann  Mfg.  Division  McGraw- 
Edison  Co.,  University  at  Jefferson, 
St.  Louis  7,  Mo. 


BUSS  fuses  are  made  to  protect not  to  blowy  needlessly 


rttfiniroGrNr  mamii  in 
ffacftfC44  MorterfOM 


A  cemplat*  lin*  el 
fuMt  for  home,  form, 
commercial,  electronic, 
automotive  and  In- 
duilrial  wie.  ... 
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FOR  RADAR 

ANOTHER 


VARIAN  FIRST 


i 


A  MEGAWATT  TWT  AMPLIFIER 

ft  A 


VA  125 
S'bond 


TEST  DATA  AT  11  0  KV  6  PULSE 


.  ..ox'"*' 

• 

_  _ 

GAIN 

i 

f 

1 

« - Frequency'  kMc - ^ 

31  32  33 

Also  civoiloblo  ol  other  S-bond  frequencies 


HIGH  EFFICIENCY- 30%  •  WIDE  BANDWIDTH  - 12% 
HIGH  GAIN-30  db  •  HIGH  PEAK  POWER-Over  1  Mw 


of  the  S>hABd  without  tuning 


bumblebees 


Broad,  comprehensive  engineering  experience  is  the  firm  foundation  for  advanced  thinking  and 
scientific  development  for  the  future.  i- 

Bendix-Pacific  has  developed  unique  instrumentation  for  biological  testing  .  .  .  created  devices 
which  have  contributed  materially  to  the  state  of  the  bombing  art , has  extensive  missile  guidance 
experience  dating  back  to  the  start  of  Navy's  Bumblebee  Program. 

Current  active  developments  include  servo  valves  for  missiles  and  their  launchers,  actuators  for 
turbo  prop  pitch  control,  sonic  altimeters  for  low  flying  aircraft,  submarine  sonar  systems,  and  high 
resolution  radar  for  helicopters.  These  programs  provide  only  a  few  of  the  building  blocks  used  at 
Bendix-Pacific  in  advanced  work  on  many  types  of  weapons  systems. 


Exceptional  career  opportunities  for  skilled  engineers 
are  available.  The  day-to-day  association  with  chal¬ 
lenging  problems  in  many  and  varied  scientific  fields 
at  Pacific  Division  will  be  rewarding.  You  are  invited 
to  write  R.  A.  Lamm,  Director  of  Engineering,  and 
obtain  more  information  about  Bendix-Pacific  and 
your  future. 


NORTH  HOLLYWOOD  C  A  1.  I  T 


ADVANCED  THINKING  POR  SYSTEMS  AND  PRODUCTS  IN  AIRBORNE  RADAR  .  .  .  HYDRAULICS  .  .  . 
MISSILE  GUIDANCE  .  .  .  ELECTRO  •  MECHANICS _ DECCA  NAVIGATION  .  .  .  SONAR  .  .  .  TELEMETRY 


V 

.  '*• 

bacteria... 

bombs... 
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Andrew  Corporation  offers  a  wealth 
of  engineering  experience  in  the  field 
of  super  power  RF  transmission  de¬ 
vices.  A  broad  line  of  standard  equip¬ 
ment  is  offered  and  Andrew  facilities 
for  the  development  and  production 
of  special  equipment  are  without 
equal. 

Available  on  a  production  basis  is 
antenna  equipment  in  all  of  the  new, 
very  large  waveguide  and  transmis¬ 
sion  lino  size.s,  including  high  power 
coaxial  lines  designed  with  specially 
.shaped  inner  conductors  and  insula¬ 
tors  to  substantially  increase  voltage 
ratings. 

Typical  too,  of  this  equipment  are 
patch  panels  such  as  the  9"  line  model 


We  would  welcome  your  inquiries 
for  product  information  and  engineer¬ 
ing  assistance  on: 

Antennas  •  Feed  Horns  •  Switches  • 
Patch  Panels  •  Duplexers  •  Power 
Dividers  •  Filters  •  Coaxial  Line  • 
Waveguide  •  Transitions  •  Adaptors  ‘ 
Bends  •  Hangers  •  Dehydrators 

WRITE  FOR  BUtLETIN 


^COUPOfATION 
363  EAST  7STH  STREET  •  CHICAGO  19 
New  York  •  Boston  •  lot  Angelot  •  Toronto 


shown  above,  used  for  occasional  re¬ 
arrangement  of  antenna  and  trans¬ 
mitter  connections. 

For  high  speed  circuit  switching, 
ANDREW  has  developed  peak  reli¬ 
ability,  non-contacting  waveguide 
switches  such  as  the  21"  model  above. 
Similar  switches  are  also  supplied 
with  transitions  for  use  with  coaxial 
line. 

Of  definite  advantage  to  you  is  the 
completeness  of  the  Andrew  line 
which  permits  a  systems  approach 
with  integrated  equipment  for  best 
performance  of  the  overall  system. 

Our  newly  expanded  production 
facilities  a.s.sure  prompt  deliveries. 


9"  TRANSMISSION  IINE 
WITH  SINGLE  BOLT  FIANCE  ClAMF 


ew 

High  Power 


31"  ALUMINUM  WAVEGUIDE 
WITH  BRANCHING  SWITCH  ^ 


|- 


I 


r. 


■‘rr 


Tli.ey  ELcici  ne'w  d.imension  to  defense 


Thrtf  cliincnsioiul  radar ...  it  is  a  positioning  of  radar 
beams  in  space  by  electronic  rather  than  mechanical  means. 
It  provides  three-slimensional  target  data  from  a  single 
antenna,  transmitter,  and  receiving  channel.  It  is  a  radical 
new  weapon  for  national  defense. 

Engineers  at  the  Hughes  (Innind  Systems  Division  in 
Fullerton  arc  respnisiblc  for  pioneering  this  advancement 
(sc-c  antenna  at  left).  lUit  even  more  importantly,  these 
same  engineers  are  working  on  an  elaborate  railar  warning 
system  which  will  not  only  provide  this  complete  radar 
data,  but  also  translate  it  into  meaningful  information  and 
relay  it  to  central  communications  centers. 

Other  Hughes  activities  oifer  similar  engineering  chal¬ 
lenge.  The  Research  and  Development  Laboratories  in 
Culver  Caty,  for  example,  arc  probing  into  the  effects  of 
nuclear  radiation  on  electronics  equipment,  studying  ad- 
v.inced  microwave  theory  and  applications,  examining 
communications  on  a  global  scale,  and  developing  new 
metluKls  for  insuring  product  reliability. 

The  I  lughes  I’nxlucts  engineering  team  makes  electronics 
useful  in  solving  industrial  problems.  For  example,  this 
group  h.as  just  unveiled  an  industrial  electronics  system 
which  will  automate  a  complete  and  integrated  line  of 
machine  tiMils. 

The  diversity  of  I  lughes  activity  offers  prospective  em¬ 
ployees  opportunity  to  build  a  rewarding  career  in  a  highly 
progressive  and  expanding  environment. 


Sfu’  commrrdal  Mtd  miliijry  omtrjcls  have  created  an  immediate 
nerd  for  engineers  in  the  following  areas- 


Communications 
Reliability 
Circuit  Design 
Systems  Analysis 
Vacuum  Tubes 


Microwaves 
Crystal  Filters 
Computer  Engineering 
Field  Engineering 
Semiconductors 


ll'ritr,  hriefiy  imtlining  your  experience,  to  Mr.  Phil  S.  Scheid.  | 
Hughes  ( lenrral  Offues,  lildg.  (ailt'er  City,  California.  j 

- 1 


O  1*90  MuoHfft  AmcMArr  coi 


Mvancad  raMarch  on  the  Maser  (Microwave  Amplification  by  Sim¬ 
ulated  Emission  of  Radiation)  performed  by  the  R&D  Laboratories 
is  directed  towards  applications  of  a  portable,  airborne  Maser  for 
missiles  and  aircraft. 


Faicon  missilas  have  been  an  imp«>rtant  factor  in  establishing  Hughes 
as  a  leader  in  advanced  airborne  electronics.  Manufactured  in 
Tucson,  Arizona,  the  Falcon  missiles  have  both  infrared  and  radar 
guidance  systems. 


Creating  a  new  world  with  ELLCTRONICS 


HUGHES 

I  I 

I - 1 

HUGHES  AIRCRAFT  COMPANY 
Culver  City,  El  Segundo, 

Fullerton  and  Los  Angeles,  California 
Tucson,  Arizona 
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ARC  developed  and  manu¬ 
factured  first  practical 
radio  shielding  for  spark 
plugs,  1929. 


ARC  installed  first  radio  range  receiving  equipment,  with  six  foot  rigid  rod  antenna,  which 
was  used  on  ‘‘Mailwing”  biplanes  by  Pitcairn  Aviation,  1928. 


Early  radio  altimeter  work  was  carried  on  by  ARC  in  1929. 


First  Blind  Flight  was  by  Jimmy  Doolittle  in  aircraft 
equipped  with  ARC  radio  range  receiver,  1929. 
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The  first  successful  two-way  voice  radio  equipment  standardized  for  ARC  designed  first  beacon  receivers  for  Douglas  M-2  mail  planes  of 

use  on  Army  and  Navy  fighter  aircraft  was  another  important  National  Air  Transport,  later  part  of  United  Air  Lines.  An  historic 

ARC  communications  development,  1931.  milepost  in  the  development  of  today’s  radio  aids  to  navigation. 
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OF  I»RO<;i410SS  IN  AIUItORN'F  FRIX'TRONICS 


Pilots  wore  goggles  in  1928  . . .  cockpits  were  open  to  the  weather  and  biplanes  still 
resembled  box  kites.  Flying  the  Atlantic  was  so  new  it  was  front  page  news  and  air 
mail  routes  were  the  newest  thing  in  communications.  That  was  the  year  a  group 
of  radio  engineers  got  together  to  develop  instruments  to  help  pilots 
navigate  with  more  precision  than  “seat  of  the  pants”  flying. 

That’s  when  Aircraft  Radio  Corporation  was  bom. 

On  these  pages  some  of  the  organization’s  accomplishments  over  the 

past  30  years  are  noted,  along  with  a  few  of  today’s  precision  \ 

instruments  of  navigation  and  communications. 

These  are  the  mileposts  that  testify  to  a  rich  fund  of  experience 

and  engineering  skill  ...  of  a  group  dedicated  to  the  science  of  airborne 

electronics  for  greater  safety  and  progress  in  aviation.  \ 


Depttdmbim  Airborne  tiootronic  Cqui^mont  Sine*  192B 


i|ircraft  ^adio  Corporation  boonton.  new  oersey 

OMNI/IOC  RECEIVERS  •  MINIATURIZED  AUTOMATIC  DIRECTION  FINDERS  •  COURSE  DIRECTORS  •  IF  RECEIVERS  AND  lOOR  DIRECTION  FINDERS 
UHF  AND  VHF  RECEIVERS  AND  TRANSMITTERS  (5  TO  360  CHANNELS)  •  INTERPHONE  AMPLIFIERS  •  HIGH  POWERED  CABIN  AUDIO  AMPLIFIERS 
10  CHANNEL  ISOLATION  AMPLIFIERS  •  OMNIRANGE  SIGNAL  GENERATORS  AND  STANDARD  COURSE  CHECKERS  •  900-2100  MC  SIGNAL  GENERATORS 


ARC 

COURSB  OIRBCTOR  CD-I 
WITH  DUAL  OMNI  1S-0 


ARC 

TVPK  H-14A 
SIONAL  OKNERATOR 


ARC 

TYPE  210  aeO-CHANNEL 

transceiver 


ARC 

TYPE  21A 

DIRECTION  WINDER 
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How  CDF  Di-Clad 
can  solve  your 
printed-circuit 
problems 


Tho  ('DP’  lino  of  coppt*r-clad  laminaU's  in  tall  grades 
is  now  known  by  a  new  name  Di-CMad.  Di-(Mad 
gradt's  m(*et  the  varying  mn^ds  of  design,  production, 
and  op(*ration  of  electronic  (*quipment.  Grad<‘S  other 
than  those  d(‘scrilx>d  are  also  available. 

Di-Clad  28E.  For  high  m<*chanical  stnmgth,  low 
moisture-absorption,  and  g<K)d  insulation  resistance, 
C'DP'  Di-('lad  laminates  of  epoxy  r{*sin  laminated 
with  glass  fabric  offer  the*  designer  a  .strong,  reliable 
combination. 

Di-Clad  112T.  A  Teflon*  glass-fabric  laminate  offer¬ 
ing  the  br^st  dielc*ctric  properties  over  a  wide  tem¬ 
perature  and  frequency  range. 

S<>nd  us  your  rtKiuirements  and  let  our  engine<*rs 
help  you  .s<*lect  th<*  right  grade  for  your  application. 

fPrailemark  of  Continental-Diamond  Kilire  ('or|M>ration 
*Du  Pf»nt  trademark  for  ita  tetraduona-thylene  reain. 


Di-Clad  2350.  An  economy  paper-base  phenolic  grade  having  good  tensile, 
flexural,  compressive,  and  impact  strength.  Adequate  for  most  non-critical 
printed-circuit  applications.  Can  be  cold  punched  and  sheared  up  to  5/64 
of  an  inch  in  thickness. 


CONTINENTAL-DIAMOND  FIBRE 

A  SUSSIOIART  OF  THE  COMPANY  •  NEWARK  16,  DEI. 


TYPICAL  Di-Clad  PROPERTY  VALUES 


BOND  STRENGTH— 0.001 4"  foil  (lbs.  reqd. 
to  separate  1"  width  of  foil  from  laminate) 

MAXIMUM  CONTINUOUS  OPERATING  I 
TEMPERATURE  (De*.  C.)  | 

DIELECTRIC  STRENGTH  (Maximum  voltage 
per  mil  for  1/16”  thickness) 

INSULATION  RESISTANCE  (Megohms)  96  I 
hrs.  at  3i°C.  «i90*RH  (ASTM  0257,  Fig.  3)| 

DIELECTRIC  CONSTANT  10'  Cycles 

DISSIPATION  FACTOR  10'  Cycles 

ARC-RESISTANCE  (Seconds)  i 

TENSILE  STRENGTH  (psi.) 

FLEXURAL  STRENGTH  (psi.) 

IZOD  IMPACT  STRENGTH  edgewise 
(ft.  lbs.  per  inch  of  notch) 

COMPRESSIVE  STRENGTH  flatwise  (psi.) 

BASE  MATERIAL  OF  LAMINATE 

COLOR  OF  UNCLAD  LAMINATE 


Di-Clod  23SO 

Di-Clod  36  i 

(NEMA  XXXP) 

Di-Clod  3t 
(NEMA  XXXP) 

Dl-Clod  36E 
(NE.MA  G-IO) 

DiCUd  1I3T 
Teflon* 

6  to  10 

6  to  10 

6  to  10 

8  to  1 2 

1 

4  to  8 

120 

120 

1  120 

150 

200 

800 

900 

1  850 

650 

700 

500 

1  50,000 

600.000 

100,000 

75,000 

4.5 

!  4.0 

1  3.6 

4.9 

2.6 

0.040 

0.026 

0.027 

0.019 

0.0015 

5 

10 

10 

130 

180 

18.000 

16,000 

I  2.000 

48,000 

2  3.000 

27,000 

21.000 

18,000 

70,000 

1  3,000 

0.80 

0.45 

0.42 

12.0 

6.0 

32,000 

28,000 

25.000 

62,000 

20,000 

Paper 

Paper 

Paper 

Medium*  weave, 
niedium-weiffhc 
glass  cloth 

Fine-weave, 
medium-weight 
glass  cloth 

Natural 

Natural 

greenish 

Natural 

^  Natural 

Natural 

All  these  standard  grades  are  available  with  0.0014”  and  0.0028”  or  thicker  electrolytic  or  rolled 
surfaces.  Other  metal  foils  and  other  resin-and-base  combinations  can  be  supplied  on 


copper  foil  on  one  < 
special  order. 
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MEASURE 


MILLIVOLT  TO 


KILOVOLT  WITH 


0.1%  ACCURACY 


no  moving  f^a/is  * 
digiiai  in-iine  readout 
^^70  millisecond  convenion  tit 


adjustable  display  time  ^ 
D  **  . 

direct  voltage  conversi^ 


only  in  the  delicate,  complex  and  expensive  instruments. 
Extremely  stable  operation  -  continuous  calibration 
against  an  internal  reference. 

The  low  price  of  the  Model  801  allows  you  to  put  one  on 
every  bench.  Its  accuracy  and  reliability  are  assured  by 
KIN  TEL’s  years  of  design  and  manufacturing  experience 
. . .  experience  gained  in  the  manufacture  of  more  than 
10,000  precision  electronic  instruments. 


Here  at  last  is  a  portable  all-electronic  digital  voltmeter 
that  measures  DC  voltages  from  .001  to  1000  volts  with 
0.1%  accuracy.  In  less  than  1/  10  of  a  second  the  meas¬ 
ured  voltage  is  presented  in  clear  numerical  form  on  a 
digital  in-line  readout  that  even  unskilled  personnel  can 
read  quickly  and  accurately,  with  little  possibility  of  error. 
Direct  voltage  measurement  by  successive  approximation 
provides  accuracy  and  sensitivity  previously  obtainable 


BKItH  SPECIF  ICATIONS  (model  eOl) 


Kanges  0  OIM)  lo  l.-i'FL  (Hl.dl)  to  IS  d'J.  (idO.O  to  l.S-i  d;  (IIHIO 
to  1(11)0  \olts  (iitanu.il  raniting  anil  polaiitv) 

.^|■^urucv  .  .0  1'/  of  lull  Mall- 

Readout  4  iljj^its  plui  Ji'v.in)al  point 

Input  ImpeJiinie  ZO.Oiii)  ohnis  per  \olt 

'  I  he  Moili-I  So.';  pioMih  .  10  nieexhiii'.  input  iinpcil.inec.  I’ruc 
SI  1*^11  In  otiu'i  Npcci.il  iiiihU'Is  llic  hiiiaiy  lihIciI  Jct-iiiial  aihl 
(leciinal  oulpul>  ate  cxlcinalh  .ivailahle  to  pciinit  use  a^  .in 
.iti.ilott  to  (lieit.il  loioeilei 


(  ouversion  Rate 
(  lun  ersiiin  I  one 
Iti.iphiy  lime 


. 10  per  secornl 

.  appro\iinalel\  70  milliseeonils 
•\iliusi.ible  from  approximately  .1  second  to 
infmilv  I  plus  push  button  rend  oiu  e  control  I 
II"  high  X  7', i"  wide  x  20  deep 
1  ll'x  to  12'  xolts.  <i0  cxcle  .\(  .  IXOssalls 


72>  Keiirny  I'lllu  Road.  San  Diego  II. 
Ciililui  nia  1‘lionf  RRuwiiing  7-6700 


Represenuttives  in  all  major  cities.  IVrife  today  for  demonstration  or  literature. 


A  Division  of  Cofiu  Electronics  Inc. 
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M  aiuifacttircrs  nf  a  I  riistcJ  Line  nf  Marine  and  Airborne  l.leelronie  l-.qaiptnenis 


LORAN  has  long  been  recognized  as  the  reliable,  highly  accurate 
system  of  long  range  navigation.  LORAN  is  already 
implemented  and  in  service  over  North  Atlantic 
and  Pacific  air  routes,  with  immediate  expansion  planned 
to  cover  other  important  areas,  too. 

Now,  LORAN  becomes  an  even  more  practical  navigation  system, 
with  the  development  by  Edo  of  a  simplified,  lightweight, 
pilot-operated  unit.  This  compact  equipment, 
weighing  only  26  pounds  installed,  can  be  mounted  in  the  cockpit. 

From  it  the  pilot  obtains  directly  read 
line-of-position  information,  without  having 
^  to  consult  tables  or  make  complicated  calculations. 

Thoroughly  tested  in  trans-oceanic  operation, 
Edo  LORAN  has  been  ordered  by  Pan  American  World  Airways, 
BOAC,  Qantas  and  Cubana  for  installation  in  their 
upcoming  fleets  of  Boeing  and  Douglas  jet  aircraft. 
Many  other  international  carriers  have  also  indicated  their  intention 
to  use  LORAN  to  assure  precise,  reliable  long  range  navigation. 


EDO  AIRBORNE  LORAN,  Modal  345 
Control  ponol  ond  3-inch  tcopo  or*  mounttd 
in  cockpit  for  oporotion  by  pilot  or  co-pilot. 
Rocoivtr  (loft)  occupiot  %  ATR  rock.  Installed 
weight  of  complete  system  is  only  26  lbs., 
and  compact  unit  requires  only  a  small  froc* 
tion  of  space  formerly  required  Designed 
and  manufactured  by  Edo,  a  major  supplier 
of  advanced  electronic  systems  for  the  U.S. 
Navy  — sonar,  radar,  ASW  equipment. 


For  the  complete  data  on  Edo  Mode!  345  Airborne  Lorait 
send  for  Technical  Manual  ffSOt,  Dept.  T-5. 


EDO  Corporation 


College  Point,  Long  Island,  New  York 
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for  example 

here's  what  happens 
when  Amperex  combines 
ultramodern  production 
techniques 
with  uncompromising 
manufacturing  integrity 
to  make 

a  standard  replacement 
tube  better... 

Amperex 

caj/seaa  thvratron 

with  these  Ampwrax  extras: 
O  hard  glass  envelope 
Q  rigid  anode  connection 
O  rugged  grid  cylinder 
O  grid-emission  slot 

Q  heat  shield  prevents 

excessive  grid  temperatures 

Q  reinforced  cathode  with 
special  emitting  material 

Q  ceramic  insulators 

Q  heavy  leads  allow  high 
peak-currents 

Q  highly  effective  getter 

0  rugged  powder-glass  base 

(D  8  supports  give 

mechanical  strength 


Amperex®  proves 
there’s  room  for 
extra  engineering 

even  in  standard 
replacement  tubes! 


The  hard  core  of  the  Amperex  line  has 
always  been  a  group  of  electrically  unique 
“proprietary”  t>'pes,  available  from  no 
other  miinufacturer.  However,  the  Amperex 
name  has  come  to  mean  concrete  engineer¬ 
ing  benefits  even  in  standard  communica¬ 
tions  and  indastrial  tubes,  above  and  be¬ 
yond  plug-in  interchangeability.  Thanks 
to  a  manufacturing  philosophy  of  untiring 
perfectionism  -  combined  with  the  most 
recent  techniques  of  production,  quality 
control  and  applications  research  -  the 
Amperex  replacement  tubes  shown  here 
offer  tighter  tolerances,  greater  uniformity, 
extra  ruggedness  in  critical  applications, 
plus  remarkable  freedom  from  common 
defects  and  failures:  in  short,  an  extra 
dimension  of  quality. 


Amperex  C3JA/5864 


replacement  tubes  with 

extra  engineering: 


Amperex  6146 


tni 


Amperex  4X500A 


> 


■  -  > 


r 

t  ■, 


r 


Clip  Assembly  Vac-u-Sel*  Rectifiers  priced  up  to  75%  less,  with  space  savings  up  to  50% 


Three  new  clip  assenihly  seleninm  rectifiers  are  now 
heiii"  produced  in  rpianlity  hy  (General  Kleclric  using 
the  \ac-u-Sel  process. 

Sizes  and  Ratings  Type  fiKSfi  uses  n/'.i2"  diameter 
cells  ami  is  rateil  2.n  ma;  I  ype  tiHS.S  uses  0,  .'i2"  cells 
ami  is  rated  '!  ma;  Ty|>«*  t)MS2((  uses  I.S  .'^2"  cells  and 
is  rateil  25  ma.  Kach  size  can  take  from  one  to  six  cells 
flepemling  on  the  vcdlage  rating  (from  57  to  .57f>  volts 

IMV). 

Applications  Vac  ii-Sel  clip  assemidy  rectifiers  are 
designed  for  ap|dications  on  half-wave,  douhler.  center- 
tap  or  bridge  circuits.  I’hey  are  low  in  cost — from  20 
to  .5.5  cents  each  in  ipiantity  lots.  They  are  designed  to 
replace  rectifiers  up  to  twice  as  large  in  applications 
such  as  small  household  appliances,  instruments,  low 
power  contrid  devices  and  other  electrical  and  elec¬ 
tronic  erpiipment. 

For  comjdete  information,  contact  your  (i-K 
Apparatus  Sales  Oflice.  .Seniieondiietor  Products 
Dept.,  General  Kleclric  (ionipaiiy,  Kynchlnirg, 
V  irgiiiia. 

Trade-mark  (ieneral  Klrrtrir  ComtHiny 


TYPE  6RS20 


TYPE  6RS5 


TYPE6RS6 


The  advantages  of  Vac-u-Sel  rectifiers  lie 

in  General  Klectric’s  precision  vacuum  pro¬ 
cess  for  obtaining  a  pure,  more  even  deposi¬ 
tion  of  selenium  over  the  entire  cell  surface. 
This  results  in  longer  life  —  even  at  high 
operating  ambients  and  hetler-than-normal 
rated  current.  I’erformance  can  he  reliably 
predicted  from  unit  to  unit. 


Encircled  is  the  tiny  Vac-u-Sel  clip  assembly  rectifier 

now  being  used  in  the  compact  Sleep-(»uar«l'^  (iontrol 
of  the  (General  Kleclric  Automatic  lilankel. 


7h>gress  h  Our  Moit  tmpoiianf  T^oducf 


ELECTRIC 


GENERAL 
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Specify  BARDEN  Precision  miniature  ball  bearings 


Barden  Precision  SFRI-S  miniature  bearings  as  used  in  a  computer  gear  train. 


THE  CORPORATION 

45  E.  Franklin  St.,  Danbury,  Connecticut  *  Western  ofRce:  3850  Wilshire  Blvd.,  Los  Angeles  5,  California 


Precision-built  computer  gear  trains  must 
have  uniformly  low  torque  and  minimum 
backlash;  mounting  surfaces  for  the  bearings 
should  be  simple  to  manufacture. 


Barden  Precision  miniature-size  bearings 
have  the  required  low  torque.  Their  low 
eccentricity  and  closely  controlled  radial  play 
assure  minimum  backlash.  Precision  flanges 
provide  accurate  positioning  surfaces  and 
permit  through-boring,  eliminating  the  need 
for  housing  shoulders. 


Barden  Precision  miniature  bearings  are  built 
to  the  same  high  standards  of  consistent 
quality  as  Barden’s  larger  instrument  sizes. 


Write  today  for  your  copy  of  Catalog  Sup¬ 
plement  Ml  which  gives  dimensions,  per¬ 
formance  and  engineering  data  on  Barden 
Precision  ball  bearings  54"  O.D.  and  smaller. 


Barden  Precision  means  not  only  dimensional 
accuracy  but  performance  to  match  the  de¬ 
mands  of  the  application. 


Your  product  needs  Barden  Precision  if  it 
has  critical  requirements  for  accuracy,  torque, 
vibration,  temperature,  or  high  speed.  For 
less  difficult  applications,  the  predictable  per¬ 
formance  of  Barden  Precision  bearings  can 
cut  your  rejection  rates  and  teardown  costs. 


COMPLETE  LINE  125°  C 


SERVO  MOTOR  TACH  GENERATORS 


to  your  precise  specification 


Both  Damping  and  Integrating  types  available  with  parameters  to  your  requirement 

>  •  Complete  size  range;  8, 10, 11, 15, 18.  Can  be  designed  with  gear  train. 

— —  •  — 54“Cto  -fl25  C  ambient  temperature  range. 

►  •  Designed  to  MIL  E-5272. 

Assembled  under  closely  controlled  environmental  conditions. 


400  CPS  SERVO  MOTOR -TACHOMETER  GENERATORS 


Otter  Tiye 

Sie 

LeefR 

ledMs 

Wt 

Ot. 

MOTOR 

CENER4T0R 

Relar 
leerba 
!■  ca> 

Rated  VeMaft 

01  01 

Nelaad 

(peed 

RRM 

Witts 

parpkatf 

6tStall 

Sbll 

Tiraae 

02.  IN. 

Eicil. 

Van. 

Oetaal 

Vllti  H> 
INI  RPM 

Iia96 

te 

NN  RPM 

Nell 

MV 

Pkate 

Stun 

tine 

SMTG-e201-01 

8 

1.850 

2.3 

0.77 

26 

40/20 

6.500 

22 

0.16 

26 

025 

0.5 

15 

±  5* 

MOMTG-6228-02 

10 

2.157 

4.2 

0.72 

115 

115/57  5 

9.500 

28 

0.26 

115 

0.4S 

1  5 

19 

±10' 

lOMTG-6229-12 

10 

2.100 

2.9 

1.09 

33/16.5 

52/26 

9.500 

3.0 

028 

26 

045 

15 

13 

±10' 

•lOMTG-6229-03 

10 

2.100 

2.9 

1.09 

26 

26 

10.500 

30 

0.26 

18 

0  3 

15 

12 

±10" 

lOMTG-6229-15 

10 

2.100 

2.9 

1.09 

26 

26 

10.500 

3.0 

0  26 

26 

0  3 

15 

12 

±10*  1 

•lOMTG-6232-05 

10 

2.104 

4.2 

1.1 

115 

36/18 

6.500 

3.5 

0  26 

115 

030 

15 

IS 

±10" 

1IMTG-62S1-13 

11 

2.531 

7.0 

1.3 

US 

115/57,5 

6.500 

3.5 

063 

115 

055 

05 

19 

±10" 

11MTG-625I-00 

11 

2.531 

7.0 

1.1 

US 

40/20 

6.500 

35 

0  63 

US 

0  55 

IS 

19 

±10' 

lIMTG-6254-Ol 

11 

2.200 

1  6.0 

1.1 

115 

115/57.5 

6.500 

3.5 

063 

115 

0  55 

15 

19 

±10" 

15MTG-6280-01 

IS 

3.281 

1  14.0 

53 

US 

115/57.5 

5.000 

62 

15 

US 

30 

02 

13 

±  5* 

tM5MTG-6276-03 

15 

3.875 

!  15.0 

4.4 

US 

57,5 

8.500 

5.8 

0.70 

115 

2.75 

1  02 

1  >3 

±0  5* 

18MTG-6302  02 

18 

3.680 

20.0 

5.7 

115 

115/57.5 

9.000 

160 

2.7 

US 

1  3.0 

1 

1  '3 

,  ±  3” 

18MTG-6302-04 

18 

3.680 

1  20.0 

5.7 

US 

115/57.5 

4.800 

92 

pis  _ 

0.2 

1” 

i*'- 

•The»e  units  designed  for  SS’C  ambient  but  seme  cherKterisbcs  ein  be  designed  for  I25”C.  fAdditionel  21.4  watts  for  heeler,  the  values  given  are  independent  of  ambient  temperature. 


Othr-r  pnxluct.s  inclurlc  stTvos,  .synchros, 
rcsolvrTs,  motor-Kcar-trains,  AC  rlrive 
mofors,  IK'  motors,  s«-rvo  mechanism  as- 
s<-mhlies.  ref«‘r«*nce  anri  tachometer  Kenr-r- 
ators,  s«'rvo  trrrque  units,  ai-luators  and 
motor  rlriven  hlow«-r  and  fan  ass«-mhlies. 


MANUFACTURING  CO. 

Vour  Rotating  Equipment  Specialist 

Avionic  Division 

Hacinr*,  Wisr-onsin 


lAsnRN  orrici 


237  North  Main  Stroot 
Hompctoad,  L  I.,  New  York 
Phone:  IVonhoe  3-4653 
TWX  Hempstead  N.  Y.  705 


WUTiRN  OPPICI 


5333  So.  Sepulveda  Blvd. 

Culver  City,  California 

Phones:  EXmonI  1-5742  TExot  0-1194 

TWX  S.  Mon  7671 


Engineers  For  Advanced  Projects: 


Interesting,  varied  work  on  designing  transistor  circuits  and 
servo  mechanisms.  Contact  Mr.  Robert  Burns,  Personnel 
Manager,  in  confidence. 
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HUDSON 

STANDARDIZED 


to  closure  problems 

1400  STANDARD  SIZE  CLOSURES - 
/  6  STANDARD  METALS  AVAILABLE 

The  most  complete  line  of  standard  cases 
and  covers  in  the  industry ...  in  stock  for  fast 
delivery.  Hudson  offers  designers  and 
production  engineers  the  economy  of  over 
1400  standard  size  closures  with  both  inside 
|HB  and  outside  covers  in  six  standard  metals. 

And  Hud.soh  is  fully  equipped  to  put  ANY 
modification  in  ANY  closure  in  ANY  position. 
;  Hudson  mass  production  methods  and 

standard  tooling  save  you  time  and  money! 


BOTH  SPECIAL  AND  STANDARD 
CASES  AND  COVERS 

Available  in  — Mu  Metal,  Aluminum, 
Steel,  Stainless  Steel,  Brass,  Copper. 
Tolerances  available  to  ±.005”. 


Metal  Stampingpk 


TO  CRITICAL  REQUIREMENTS  FOR 
MILITARY.  COMMERCIAL  APPLICATIONS 

Ask  for  catalog  on  standard  cases  and 
covers  or  send  drawings  and  specifications 
for  quotations  on  custom  closures,  metal 
stampings  or  sub-assemblies. 


HUDSON  QL]) 

TOOL  &  DIE  CO  •  INC 

18-38  Malvern  Street,  Newark  5,  N.  J, 


Telephone:  MArket  3-7584 
Teletype  No.  NK  1066 
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These  shielded  coil  forms  offer  the  utmost  in  reliability  due  to  their  unique 
desirn  and  construction.  Dimensions  when  mounted,  including  terminals, 
are:  1^9,  V\%r  diameter  x  H*  high;  LS-IO,  *s'  x  L^ll*  x 

Each  form  mounts  by  a  single  stud.  Single  layer  or  pie-type  windings  to 


your  specifications.  is  double-ended  for  primary  an<i  secondary 

windings  with  separate  tuning  slugs  for  independent  tuning  of  each  section; 
its  overall  length  excluding  tuning  slun  i*  I  'H.';  u  H*.  See  pholocraph 
below  for  new  aluminum  housing  shielded  coil  forms. 


Reliability  —  under  any  condition! 


ration,  437  Concord  Ave.,  Cambridge 
39,  Mass.  On  the  West  ('oast  contact 
K.  V.  Roberts  and  A.ssociates,  Inc.,  .'>068 
West  Washington  Hlvd.,  I.,os  Angeles 
16  and  1560  Laurel  St.,  San  (’arlos,  C’al. 


Cambion'^  miniaturized  shielded  coil 
forms  are  highly  shock  resistant.  With 
mechanically  enclosed,  completely 
shielded  coil  winding,  they  bring  all  the 
TUggedness  and  dependable  {jerform- 
ance  you  require  for  your  "tight  spot” 
applications  —  IF  strips,  RF  coils, 
oscillator  coils,  etc. 

Cambridge  Thermionic  Corporation 
combines  quality  control  with  quantity 
production  to  supply  exactly  the  com¬ 
ponents  you  need,  in  any  amount.  Our 
quality  control  includes  material  certifi¬ 
cation,  checking  each  step  of  produc¬ 
tion,  and  finished  product.  And 
Cambion  quantity  production  means  we 
can  fill  your  orders  for  any  volume, 
from  smallest  to  largest. 

Any  Cambion  coil  form  may  be  wound 
to  your  specifications  in  any  desired 
quantity.  F'or  samples,  specifications 
and  prices,  write  to  Sales  Engineering 
Dept.,  Cambridge  Thermionic  Corpo- 


Nc*w  aluminum  houaing  nhieUlocI  coil  forma  with 
ancxliz^  finiiih.  Available  in  three*  ai/ea.  na  variable 
tamper-proof  uniU  with  poaitive  locking  nxH'ita- 
niam  and  more  preciae  tuning,  or  aa  hxinl  ahieldcnl 
coil  forma.  Flange  mounted  by  meana  of  two 
numl>er  2-56  arrewa.  Mounted  heighta  alxive 
chaaaia  are  S**  and  H*  tin  variable  unita  ex¬ 
clusive  of  tuning  element;. 


CAMBRIDGE  THERMIONIC  CORPORATION 


Makers  of  guaranteed  electronic  components,  custom  or  standard 
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Tran^itron 


■po^^hkt 


ill 


Ui  '■-,  / 

iM- 


Silicon 

Transistors 


New  high  power  transistors  have  just  been  added  to  the  Transitron  line, 
increasing  power  ratings  to  85  watts.  Now,  whatever  the  application, 
you  can  choose  from  the  broadest  power  range  in  the  industry  .  .  . 
with  Transitron  reliability  built  into  every  transistor. 


HIGH  POWER 

•  Ratings  to  85  watts 

•  Operation  to  5  amps 

•  Low  Res,  1 .5  ohms  typical 

•  Voltage  Ratings  to  60V 

•  High  Current  Gain 

•  High  Speed  Switching 


Moiifflvm 
^ow#f 
Dissipotien 
ot  23®C 
cos« 


Minimum 

D.C. 

Common 

Emitter 

Current 

Coin 


Typicol 

Collector  Moximum 
Soturotion  Collector 
Retittonce  Voltoge 


Typo 

(watts) 

B 

(ohms)  Vc  (volts) 

ST400 

8S 

15^2  omps 

1 .592  omps 

60 

ST401 

8S 

20^2  amps 

2.5<92  omps 

60 

ST402 

SO 

1592  omps 

4.0^2  omps 

60 

ST403 

SO 

amps 

3.0(&2  omps 

4S 

MEDIUM  POWER 

o  Operation  to  500  ma 

•  Ratings  to  5  watts 

•  Low  Res,  6  ohms  typical 

•  High  Speed  Core  Driving 


Heat  Sink  Mountings  available 


Minimum 

D.C. 


Power 
Dissipation 
el  25^C 
cose 
(watts) 

Moximum 

Collector 

Voltoge 

VcMox 

(volts) 

Common 

Emitter 

Current 

Coin 

B 

Typical 

Collector 

Soturotion 

Voltoge 

(volts) 

s 

60 

15^  500  mo 

3V@S00ma 

s 

60 

20  (§1500  mo 

3V®SOOma 

4 

100 

12(9200  mo 

4V®200ma 

4 

60 

129200  mo 

4V®200  mo 

S 

60 

209  50  mo 

IV®  SOmo 

.75 

60 

9(9  5  mo 

3.SV®20  mo 

.75 

60 

289  5  mo 

3.SV®20mo 

2N243 
2N244 
*Fatl  Switching  Typ* 


SMALL  SIGNAL 

•  Operation  to  175°C 

•  Low  Ico  at  Rated  Vc  max. 

•  High  Current  Gain 

•  Three  package  sizes  available 


Typo 

Minimum 

Common 

Emitter 

Current 

Coin,  fl 

Moximum 
Collector 
Voltoge 
Vcc  Peek 
(Volts) 

Typicol 

Cut-off 

Frequency 

(MC) 

3NS43 

80 

4S 

IS 

3N480 

40 

4S 

11 

3N47S 

20 

4S 

10 

3N336 

78 

4S 

13 

2N334 

18 

4S 

11 

2N118 

18 

30 

4 

2N119 

36 

30 

4 

ST904 

18 

30 

4 

ST90S 

36 

30 

4 

WRITE  K>R  BULLETIN  TS.I3$3 

Transitron 

electronic  corporation 


Wakefield,  massach  usetta 


Moximum 
Cellxter 
Cut-off 
Currant 
ot  25°C 
ot  Vc  MAX 
(ao) 


.5 


.5 

SO 

SO 

10 

10 

10 

10 


Trantittors 


Oio4«t  Rt|ulator« 


Kactlfitn 
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GENERAL  CERAMICS 


50  MIL  O.D.  Memory  Cores 
for  Trensistorixed 
High  Speed  Memories 


These  new  50  mil  O.D.  cores  are  now  available  in 
General  Ceramics  S-4,  the  material  that  has  proven 
so  successful  in  such  vitally  important  systems  as 
the  SAGE  computer.  Switching  time  is  less  than 
one  microsecond  with  550  ma  full  drive.  At  recom¬ 
mended  operating  conditions,  the  “ONE”  output 
voltage  is  greater  than  60  millivolts;  the  “ZERO” 
output  voltage  is  less  than  6  millivolts.  Cores  are 
provided  in  two  quality  levels,  to  .015  AQL  and  to 
6.5  AQL.  Dimensions  are  .050”  O.D.,  .030”  I.D. 


and  .015"  in  height,  all  with  tolerances  of  ±  .002". 
General  Ceramics  has  designed  and  built  special 
equipment  for  core  testing  to  insure  that  each  unit 
meets  established  electrical  properties.  50  mil  O.D. 
cores  are  supplied  in  production  quantities  in  two 
quality  levels.  Parts  are  shipped  according  to  MIL 
Specification  105.A  to  0.015  AQL  or  6.50  AQL.  For 
complete  information  on  this  core  write  General 
Ceramics  Corporation,  Keasbey,  New  Jersey,  for 
Bulletin  326;  address  Dept.  E. 


Industrial Cinmies  for  Industrial  Froiress... Since  1906 


SOLOERSEAL 

TERMINALS 


PRECISION 

STEATITES 


"ADVAC"  HIGH 
TEMPERATURE  SEALS 


MAGNETIC 
MEMORY  PLANES 


FERRAMIC  CORES 


CIRCLE  46  READERS  SERVICE  CARD 


CIRCLE  47  READERS  SERVICE  CARD 


RF  POWER  OUTPUT-\(KWrTS 


First 

for 


PULSE  AMPLIFER  KLYSfTRONS 


I  :  i  : 

:  ;  ;  i 


{/)  : 


_  ^^jwMTOOOOUt 


3W<2aoOLT  4tQie«XX>SG  KTOO 


Amplifier  ;  lu:'  .rn:': 

■  OO  1/300 

^  FREQUENCY- MEGACYCLES 

Klystrons 

. . .  from  VHF  into  SHF 


CW  AMPLIFIER  KLYSTRONS 


j^KMiTqrm^ 


SKMaOpOOPft^ 


6K5QOOOLO  — 

■^SQOOOLO  4KM50D00SG 

SksqSoqIercs;  =  ^ 


BKjOOO  a  3«M30o6B 


■  M  M  + 

1  .  i  i 

ipoo 

FREQUENCY— MEGACYCLES 


The  broad  frequency  coverage  and  wide  range 
of  power  levels  now  offered  by  Eimoc  ompli- 
fier  klystrons  is  shown  in  the  occomponying 
charts.  Frequency  coverage  extends  into  the 
SHF  range  and  multi-megowott  pulse  output 
powers  ore  ovoiloble. 

The  exceptionol  ability  of  Eimoc  amplifier 
klystrons  to  conveniently  and  reliably  generate 
high  RF  power  at  ultra-high  and  super-high 
frequencies  has  led  to  their  widespread  use 
in  tropo-scatter  communications,  high  power 
radar,  UHF  television  broadcosting,  linear 
accelerators  and  many  other  applications. 

For  more  detailed  information  on  Eimoc's 
reliable,  simplified  approach  to  high  power 
at  high  frequencies,  write  for  a  copy  of 
Klystron  Facts  Case  Five.  The  Eimoc  Applico- 
tion  Engineering  Department  will  gladly  ossist 
you  in  planning  new  systems  using  Eimoc 
power  klystrons. 


EITEL-McCULLOUGH,  INC. 

SAN  BRUNO  •  CALIFORNIA 

for  Power  Amplifier  Klystrons 


EIMAC  0ESI6NE0  AND  MANUFACTURED  PRODUCTS 

Negative  Grid  Tubes  Vacuum  Tube  Accessories 

Reflex  and  Amplifier  Klystrons  Vacuum  Switches 

Ceramic  Receiving  Tubes  Vacuum  Pumps 

Including  more  than  40  ceramic  electron  tubes 


New  VEEDER-ROOT 
j^Electronic  “Count-Pak”* 

A  COMPLETE  COUNTING  PACKAGE! 


High  Speed  .  .  .  Electric  Eye 
,  ,  .  ' 'Pulse  Stretcher'* 

.  .  .  Instant  Reset 


First  of  a  new  series  of  electric 
and  electronic  counting  "  packages”  is  this  Model  C 
*'Count-Pak”  . .  .  consisting  of  the  new  V-R  instant- 
reset,  high-s|)eed  (3,000  counts  i)er  minute)  electric 
counter  combined  with  a  light  source  and  photo  cell. 

Cell  and  light  source  can  be  adapted  to 
any  application  .  .  .  and  are  |)ermanently 


*Trod**fnarh  rtgUtrotion  opplicd  for. 


assembled  so  vibration  can’t  jar  them  out  of  focus. 
Pulses  as  short  as  .0002  seconds  will  actuate  this 
device,  which  means  that  a  H"  object  or  space  mov¬ 
ing  at  6,(X)0  feet  |)er  minute  will  be  counted. 
"  Count-Pak”  is  transistorized  throughout  (no  tubes) 
and  utilizes  printed  circuits  . . .  double  assurance  of 
imstant  action  and  long  trouble-free  life.  Rugged, 
compact  case:  SH"  wide;  5^"  high;  GH"  deep. 
Panel  includes  pilot  light,  reset  button,  and  |)Ower 
switch.  And  prices  are  unexpectedly  low.  Write: 

EVERYONE  CAN  COUNT  ON 

Veeder-Root 

INCORPORATBO 
HARTFORD  3,  CONNICTICUT 

Hartford,  Conn.  •  Graenvilla,  S.  C.  •  Altoona,  Po.  *  Chicago 
New  York  •  Lot  Angelct  •  Son  Francisco  •  Montreal 
Officei  and  Agenfi  in  Principal  Citiei 


t 
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ZIRCONIUM 

OXIDES 


CERAMICS 

More 

Mater/a/s 

of  one  source! 


SILICON  ^ 
CARBIDES  : 


LAVAS  \ 


Here  you  will  find  industry's  widest  choice 
of  advanced  technical  ceramics  .  .  .  dense 
or  porous  .  .  .  key  components  in  thousands 
of  applications  in  widely  diverse  fields.  Top 
performance  is  assured  by  careful  matching 
of  physical  and  electrical  properties  to  end 
use  requirements. 

If  heat  is  a  problem:  AISiMag  technical 
ceramics  have  higher  insulation  values  at 
elevated  temperatures  than  fused  quartz.' 
Excellent  thermal  shock  resistance.  Great 
strength.  Low  loss.  Rugged  AISiMag  Alum* 
inas,  for  example,  deliver  superior  perform* 
once  at  temperatures  beyond  the  melting 
points  of  most  commonly  used  metals. 


There  are  AISiMag  materials  which  with* 
stand  higher  compressive  loads  than  steel 
.  .  .  with  lower  coefficients  of  expansion 
than  any  general-use  metal.  Chemically 
inert  .  .  .  will  not  rust,  oxidize  or  corrode. 
Permanently  rigid  .  .  .  will  not  deteriorate. 
Some  have  unusual  abrasion  resistance. 
Some  are  hard  as  9  on  Mohs'  scale. 

No  matter  what  your  problem,  AISiMag 
ceramics  may  help  solve  it.  And,  this  source 
has  the  machines  and  experience  to  pro* 
duce  precision  parts  in  any  quantity.  Send 
blueprint  with  details  of  operating  proce* 
dure  for  complete  data  on  the  AISiMag 
material  best  suited  for  your  application. 


MOfff  SPECIALIZED  ENGINEERING  TALENT .  .  . 


M0f?f  FACILITIES . MORE  **KNOW  HOW^^ 


STEATITES 


MAGNESIUM 

SILICATES 


•  ZIRCONS 


FORSTERITES 


ALUMINUM  SILICATES 


A  Subsidiary  of 
Minnasola  Mining  and 
Manufacturmg  Company 


AMERICAN  LAVA 

CORPORATION 


CHATTANOOGA  5.  TENN. 

S7TH  YEAR  OF  CERAMIC  LEADERSHIP 


For  Mrvica,  contact  Amarican  lava  roproaantativo*  in  Officai  of  Minnaiota  Mining  t  Manufacturing  Co.  in  thoaa  citiot  (too  your  local  tolophono 
diractory):  Atlanta,  Ga.  •  Botton:  Newton  Center,  Mats.  •  Buffalo,  N.  Y.  •  Chicago:  Bedford  Park,  III.  •  Cincinnati,  O.  •  Cleveland,  O.  •  Dallas, 
Texas  •  Detroit,  Mich.  •  High  Point,  N.  C.  •  Los  Angeles,  Cal.  •  New  York:  Ridgefield,  N.  J.  •  Philadelphia,  Pa.  •  St.  Louis,  Mo.  •  St.  Paul, 
Minn.  >  So.  San  Francisco,  Cal.  ■  Seattle,  Wash.  Canada;  Minnesota  Mining  8.  Manufacturing  of  Canada,  Ltd.,  P.'O.  Box  757,  London,  Ontario. 
All  other  export:  Minnesota  Mining  &  Manufacturing  Co.,  International  Division,  99  Park  Ave.,  New  York,  N.  Y. 


TECHNICAL 


!  CORDIERITES 


you  get  fast 
on  these 


for  instrument,  servo  or  control  circuits 


Amplify  a  d-c  or  a-c  microvolt  input  aif^nal  nuffi- 
ciently  to  drive  one  field  of  a  two-phaw*  halancinK 
motor.  Brown  amplifiers  have  extremely  low  stray 
pickup,  excellent  stability,  adjustable  sensitivity 
and  fast  resjKmse.  Proved  in  thousands  of  Elec¬ 
tron!  K  instruments. 


for  chort  drives,  servos,  balancing  circuits 


SELECT  FROM  THESE  BASIC  MODELS 


These  newly-designed  synchronous  and  two-pha8<; 
Brown  motors  have  many  maintenance  saving  fea¬ 
tures:  new,  sectioned  die-cast  housing  .  .  .  new  wicking 
to  prevent  oil  leakage  .  .  .  printed  circuits  .  .  .  ball 
bearings  to  reduce  friction.  You  can  replace  any  part 
in  two  minutes,  usually  without  disconnecting  the 
leads  from  your  installation. 


370,  2500 


2500 


POWER  SUPPLY 

11.5  V.,  60  cycles  (fused 
power  line) 

OUTPUT 

2  to  18  ma.  into  12,000 
ohm  load 

SENSITIVITY 

Continuously  variable 
screwdriver  adjustment. 
Itec€>88€Kl  slot  protects 
setting 

MOUNTING 

flperation  unaffected  by 
mounting  position 


OPTIONAL  FEATURES 

(a)  thermocouple  burn¬ 
out  protection,  (b)  with¬ 
out  dtwnsitizing  adjust¬ 
ment,  (c)  parallel  T 
fi'edback,  (d)  velocity 
damping,  (e)  special  c«)n- 
necting  cables  and  plugs, 

(f)  without  tubes, 
shields,  and  converter, 

(g)  for  2.5  cycles,  (h) 
220-110  volt  trans¬ 
formers. 


TWO-PHASE  INDUaiON 


*Th«  loU  of  this  d«vi<«  do«s  not  carry  with  if  a  Ikansa  tmdar  any  of  oor  combinotion 
patonti  covaring  apparatus  in  which  this  dovka  may  ba  usad. 

For  additional  details,  call  your  nearby  Honeywell  field 
engineer.  He’s  as  near  as  your  phone. 

Minneapoli.s-Honeywei.1.  Regulator  Co.,  Industrial  Divi¬ 
sion,  Wayne  and  Windrim  Avenues,  Philadelphia  44,  Pa. 


SYNCHRONOUS 


Honeywell 


t1/6  lass  at  50  cycles.  Soma  speeds  available  at  25  cycles. 
tt6.0  wotts  in  field  winding,  balance  in  amplifier  winding. 
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An  announcement 


Do  you  want  to  break  into  the  big  European  electronic 
market  at  the  lowest  capital  cost  to  yourself  ? 

The  United  Kingdom  offers  a  first-class  opportunity  for  doing 
so.  Labour  is  comparatively  cheap  and  there  is  a  ready  demand 
for  American  ‘know-how’  in  the  whole  area.  Now  comes  the 
chance  to  tie  up  with  an  established  British  manufacturing 
company  equipped  to  carr>'  out  economically  many  types  of 
electronic  assembly,  wiring,  and  testing  of>erations. 

For  the  past  I2  years  we  have  been  working  exclusively  as 
trusted  sub-contractors  to  some  of  the  best  know'n  companies 
in  the  United  Kingdom,  for  whom  we  have  manufaaured  to 
rigid  government  standards  all  types  of  equipment  small, 
large,  simple  and  complex.  .‘Xs  sub-contractors  we  have  no 
conflicting  interests  of  our  own  to  get  in  the  way  of  what  we 
do  for  the  firms  who  employ  us,  and  our  record  will  stand 
the  closest  investigation,  both  technically  and  financially. 

Vl’e  are  now  ready  to  expand  and  diversify  our  activities  by 
providing  similar  assembly,  wiring  and  tesiing  facilities  for  a 
suitable  American  principal.  Initially  we  can  offer  25“,,  of 
our  full  capacity,  combining  high  productive  efficiency  with 
low  labour  charges.  Fuller  details  of  the  sp>ecialised  service  we 
can  offer  in  our  new  plant  close  to  London,  and  of  our  past 
history  and  present  financial  set-up,  can  be  given  in  direct 
correspondence. 

If  you  are  interested,  please  mail 
A.  T.  IZZARD.  MANAGING  DIRECTOR. 


BROXLEA  PRODUCTS  LIMITED 

PARK  LANE,  BROXBOURNE,  HERTFORDSHIRE.  ENGLAND 

Cables  :  Hoddesdon  4455 
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LINK  YOUR  CAREER  TO  TOMORROW 


climate: 


For  career  men  it  is  almost  impossible  to 
tell  where  mental  climate  leaves  off 
and  physical  climate  begins.  Like  the  Moebius 
strip,  properly  joined,  they  present  a 
single-sided  situation  that  is  most  benign. 

At  Link  Aviation  the  climate  is  ideal . . . 
Pioneers  of  flight  simulation.  Link's  modern 
electronic  laboratories  now  bracket 
our  continent.  The  facilities  in  Binghamton, 
New  York,  have  been  supplemented  by 
the  energetic  Research  d.  Development 
Laboratories  at  Palo  Alto,  California. 

At  both  places,  primary  consideration  was 
given  to  the  importance  of  climate  to 
you . . .  the  very  engineer  we  now  seek. 


58 


May  23,  1958  —  ELECTRONICS  engineering  edition 


The  mental  climate  at  Link  Aviation, 
Inc.,  is  ideal  for  your  growth.  Its  facili¬ 
ties,  its  attitude,  its  personnel  provide 
a  congenial,  purposeful  atmosphere. 

The  physical  climate  furnishes  you 
with  the  maximum  in  comfortable  sub¬ 
urban  living.  And  you  have  your  choice 
between  the  full-seasoned  stimulation  of 
Binghamton  in  upstate  New  York,  or  the 
temperate  California  living  in  Palo  Alto. 

The  climate  of  learning  is  here,  too.  If 
you  are  the  man  we  want,  you  will  never 
claim  that  your  education  is  finished. 
Link  Aviation  does  more  than  give  lip 
service  to  this  concept.  As  a  participant 
in  the  Honors  Cooperative  Programs  at 
outstanding  universities,  you  can  ad¬ 
vance  your  education  by  attending  regu¬ 
lar  classes  with-time  and  tuition  provided 
by  Link. 

In  addition  to  providing  you  with  the 
ideal  climates.  Link  also  assures  you 
that  your  material  benefits  will  be  com¬ 
mensurate  with  today's  most  enlightened 
practices;  gotxl  pay,  ample  vacations, 
hospital,  health  and  retirement  benefits. 

If  this  entire  work-livc-study  setup  at 
Link  sums  up  the  ideal  you  have  estab¬ 
lished  in  your  mind,  we  urge  you  to  re¬ 
spond  immediately. 


Mr.  Ken  Viall 
Link  Aviation.  Inc.,  Dept.  P-1 
Binghamton,  New  York 
Or: 

Mr.  Joe  Larko 
Link  .Vviation,  Inc.,  Dept.  P-1 
P.O.  Box  1313 
Palo  Alto,  California 


Link  Aviation,  Inc. 


Binghamton,  NewYork 
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BASK  VOLTAfif;  Vn  IN  VOLTS 


COLLECTOR  VOLTS,  V^ , 


-0.2  -0.4  -0.6  -0.8  -1.0  -1.2  -14  -16  -1.8  -20 
BASE  CURRENT.  IN  MA 


PHILCO 

MICRO  ALLOY  ~ 
TRANSISTOR  2N393'< 

. . .  Most  easily  driven,  high-speed 
switching  transistor . . . 
for  modern  computer  circuitry! 


•  Exceptionally  Good  Life  Characteristics. 
Reliability  and  Stability 

•  Low  Hole  Storage 

•  Low  Saturation 

•  High  Beta  at  High  Currents 

Philco’s  new  2N393  transistor  is  exceptionally  well  suited  to 
the  special  branching  requirements  of  high  speed  computer 
circuitry.  Wherever  multiple  circuits  must  be  driven  from 
a  single  unit,  the  new  2N393  significantly  outperforms 
ordinary  driven-stage  transistors. 

The  2N393  combines  high  gain  with  excellent  high- 
frequency  response  at  frequencies  up  to  50  megacycles.  Beta 
linearity  is  extremely  good  at  currents  as  high  as  50  milli- 
amperes.  Tlie  new  2N393  micro  alloy  transistor  provides 
high  frequency  switching  plus  low  saturation  resistance. 

This  new  transistor  design  is  particularly  well  adapted  to 
direct-coupled  logic  circuitry.  Polarities  of  the  emitter  and 
collector  voltages  are  similar  to  PNP  junction-type  transistors. 

Make  Philco  your  prime  source  for  complete  transistor  appli¬ 
cation  information  .  .  . 

Th«  2N393  It  olte  axctlUnt  for  uto  in  vidoe  ompliflort  up  to  on#  mogocyclo. 
For  complote  tpocificaliont  and  pricot  on  tho  3N393,  writo  Dopl.  ESSt. 


PHILCO  CORPORATION 

LANSDALE  TUBE  COMPANY  DIVISION 
LANSD^,  PENNSYLVANIA  Ijl 
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Fi*ld  anqlncar  Iowan  aisambled  qamma  ray  proba  into  wallbora  prior  to  baqin- 
nlnq  loqqinq  oparation.  In  raar  is  mobila  unit  containinq  racordinq  instrumants 


Pluq-in  subossambliat  insartad  in  1-in. 
diam  tuba  maka  up  proba 


Gamma-Ray  Detector 
Aids  Oil  Field  Surveys 


Transistorized  probe,  iisiii"  Geijier-Miiller  lubes,  detects  and  measures 
^aninia  radiation  fntiii  radioactive  tracers  applied  to  waters  and  brines  in 
petroleum  reservoirs.  Instrument  is  self-contained  in  a  1-in.  diameter  steel 
pi|>e  and  operates  for  as  long  as  250  hours  at  depths  of  5,000  feet  and  hydro¬ 
static  pressures  of  2,000  psig.  It  has  good  stability  between  70  F  and  130  F 


AR>ISTR()>i 


Division  of  Petroleum,  Bureau  of  Mines,  U.  S.  Dept,  of  the  Interior,  Bartlesville,  Okla. 


Application  of  radioactive  iso- 
,tope.s  a.s  tracers  in  the  study 
of  the  flow  of  waters  and  brines 
in  petroleum  reservoir.s*  is  aided 
by  the  instrument  described  in  this 
article.  It  was  designed  for  use  in 
experiments  by  Bureau  of  Mines  en¬ 
gineers.  Such  experiments  involve 
adding  a  gamma-  or  beta-emitting 
radioisotope  to  water  being  in¬ 


jected  into  an  oil-producing  forma¬ 
tion,  and  detecting  and  measuring 
the  radioactivity  of  the  water  upon 
its  appearance  at  an  oil  well. 

Instruments  suitable  for  this 
work  must  have  a  sensitivity 
greater  than  that  required  for 
uranium  prospecting,*  must  fit  into 
small-diameter  wells,  and  be  cap¬ 
able  of  reliable  operation  under 


ambient  conditions  that  may  be 
normally  expected  in  shallow,  water- 
flooded  petroleum  reservoirs  rang¬ 
ing  from  500  to  4,000  feet  in  depth. 
Operating  pressures  exceeding 
2,000  psig  are  not  uncommon  at 
the  bottom  of  such  comparatively 
shallow  wells.  Maximum  tempera¬ 
tures  seldom  exceed  135  F. 

The  sensitivity  of  a  gamma-ray 
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well-losrging  probe  may  be  defined 
in  several  ways.*  With  Geiger  or 
scintillation-detection  units,  counts 
per  minute  per  milliroentgen  per 
hour  is  probably  the  most  easily 
understood  and  useful  presentation 
of  information  although  not  the 
one  most  commonly  u.sed  by  indus¬ 
try.  Since  most  radioactivity  meas¬ 
urements  made  within  wellbores  by 
or  for  the  petroleum  industry  need 
be  only  relative,  little  or  no  at¬ 
tempt  is  made  generally  toward  ab¬ 
solute  calibration  of  gamma-ray 
logging  tools.  The  sensitivity  of 
most  commercial  logging  equip¬ 
ment  is  given  in  terms  of  inches 
of  deflection  of  the  pen  on  the  re¬ 
corder  chart  versus  radioactivity, 
usually  in  milliroentgens  per  hour, 
at  the  probe.  Actually,  the  ac¬ 
curacy  of  any  quantitative  deter¬ 
mination  made  within  a  wellbore  is 
questionable  because  hole-size  vari¬ 
ation,  heterogeneity  of  the  media, 
self  absorption  and  well-fluid  ab¬ 
sorption  detract  greatly  from  the 
reliability  of  the  determination. 
The  statistical  nature  of  any  radia¬ 
tion  measurement  also  becomes  of 
great  importance  in  gamma-ray 
well  logging.  By  proper  adjust¬ 
ment  of  the  time  constant  of  the 
recording  instrument  and  logging 
speed  of  the  probe,  the  effect  of 
low  sensitivity  may  be  in  large 
measure  compensated,  although  at 
the  cost  of  logging  speed.  It  is  not, 
however,  possible  to  correct  for  the 
effects  of  poor  instrumental  stabil¬ 
ity;  thus,  in  the  final  analysis, 
stability  is  the  most  important 
single  criterion  in  the  design  of 
a  gamma-ray  logging  tool. 

Detector  Choice 

Sensitivity  of  a  radiation-detec¬ 
tion  device  is  essentially  a  function 
of  the  product  of  sensitive  volume 
and  detection  efficiency.  In  other 
words,  the  sensitivity  of  a  G-M 
tube  with  an  effective  volume  of 
100  cubic  in.  and  an  efficiency  of  2 
percent  is  the  same  as  that  of  a 
scintillation  crystal  of  4  cubic  in. 
and  an  efficiency  of  50  percent. 
Practically,  however,  in  a  compari¬ 
son  of  logging  instruments  using 
these  two  detectors,  the  scintillator 
would  have  the  greater  output  be¬ 
cause  of  the  difference  in  spectral 
energy  sensitivity.  In  general,  the 
output  of  scintillators  decreases 


FI3.  1— Schematic  oi  gamma-ray  probe.  High  Tollage  for  G-M  tube*  le  proTlded  by 
blocking  oscillator  Qv  and  selenium  rectifier  D-.  Simple  but  effective  temperature 
compensation  is  achieved  through  the  use  of  a  thermistor 


and  that  of  G-M  tubes  increases  the  instrument.  However,  with  the 
with  an  increase  in  spectral  energy,  exception  of  a  need  for  spectral- 
This  fact  alone  makes  the  scintil-  energy  determinations  within  the 
lator  a  logical  choice  in  logging  de-  wellbore,  it  is  que.stionable  whether 
tectors,  because  of  the  lower  the  added  sensitivity  would  be 
energies  pre.sent  in  the  radioactive  worth  its  cost  in  complexity  and 
constituents  of  rock  formations,  added  maintenance.  The  problem 
Ionization  chambers,  almost  uni-  of  cooling  the  multiplier  phototube 
ver.sally  used  in  the  larger  diameter  is  extremely  difficult  in  probes  of 
commercial  logging  instruments,  this  size,  although  many  applica- 
are  neither  sensitive  enough  nor  tions  are  apparent  in  wells  where 
amenable  to  miniaturization  to  the  temperatures  do  not  exceed  100  F. 
degree  that  they  may  be  u.sed  in  Thus,  G-M  tubes  were  decided 
instruments  of  1-in.  diameter.  upon  for  this  probe.  A  choice  ex¬ 

ists  in  a  design  of  this  nature  be- 
Temperature  tween  one  large  tube  and  a  cluster 

Although  the  inherent  sensitiv-  of  smaller  tubes.  The  large  tube  is 
ity  of  the  scintillation  detector  a  simple,  rugged  unit  but  has  the 
makes  it  the  first  choice  in  select-  di.sadvantage  of  lower  sensitivity 
ing  a  suitable  detection  device  for  and  a  higher  operating  voltage, 
the  small-diameter  logging  in.stru-  Sensitivity  may  be  improved  some- 
ment,  other  characteristics  rule  it  what  by  complex  cathode-design 
out  as  a  practical  choice.  The  tern-  features,  but  it  is  difficult  to  reduce 
perature  sensitivity  of  the  multi-  the  operating  voltage  level  much 
plier  phototubes  that  must  be  used  below  900  or  1,000  v  and  maintain 
with  the  scintillation  crystal  re-  reliability.  The  smaller  tube  has  the 
quire  that  they  be  cooled  if  the  am-  advantage  of  a  higher  volume 

bient  temperatures  in  which  the  sensitivity  and  a  lower  operating 

instrument  is  to  be  operated  ap-  voltage.  The  disadvantages  of  the 
preciably  exceed  100  F.  The  high-  small  tube  are  a  higher  total  cost, 
voltage  supply  for  the  tube  must  a  somewhat  steeper  plateau  for  the 
be  more  stable  by  a  factor  of  10  bundle  of  tubes  than  for  a  single 
to  100  than  that  required  for  G-M  large  tube,  and  greater  difficulty 
tube  operation.  The  low  output-  in  mounting.  The  operating  volt- 
pulse  amplitude  of  the  device  re-  age  of  the  smaller  tube  is  less  than 

quires  incorporation  of  wide-band  700  v  resulting  in  fewer  problems 

amplifiers  to  increase  the  pulse  am-  in  power-supply  design  and  leak- 
plitude  up  to  a  level  that  may  be  age  or  corona  effects.  The  output 
transmitted  to  the  surface  without  pulse  of  the  smaller  tube  is  con- 
becoming  lost  in  the  circuit  noise,  siderably  shorter  in  duration  and 
It  is  quite  possible  to  solve  these  somewhat  smaller  in  amplitude, 
problems  and  still  maintain  the  This,  of  course,  is  an  advantage 
required  1-in.  outside  diameter  of  where  high  counting  rates  may  be 
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encountered  because  of  the  reduc¬ 
tion  in  dead  time.  The  matter  of 
dead  time  of  the  detection  unit  i.s 
important  becaii.se  it  i.s  the  princi¬ 
pal  limiting  function  in  attempting 
to  increa.se  .sensitivity  by  .simply 
increasing  the  number  of  (l-M 
tubes  used.  The  re.spon.se  of  the 
unit  becomes  quite  nonlinear  at 
higher  counting  rates  where  large 
numbers  of  G-M  tubes  are  em¬ 
ployed.  For  this  reason,  the  num¬ 
ber  of  G-M  tubes  u.sed  in  the  de- 
.scribed  instrument  is  limited  to  five. 

Description 

The  probe  consists  of  a  cluster 
of  five  small  G-M  tubes,  a  tran¬ 
sistor  high-voltage  supply,  a  tran¬ 
sistor  pul.se-shaping  and  amplify¬ 
ing  stage,  and  a  mercury -cell 
battery  pack,  housed  in  a  stainless- 
steel  tube.  The  various  components 
«)f  the  probe  circuit  are  assembled 
on  small  terminal  boards  that  plug 
together  to  form  the  complete  cir¬ 
cuit  unit.  This  kind  of  con.struction 
allows  rapid  substitution  of  spare 
units  for  field  maintenance. 

Figure  1  is  a  .schematic  drawing 
of  the  probe  circuit.  The  G-M 
tubes  are  halogen-quenched  and 
operate  at  about  65(1  v.  They  are 
about  A  in.  in  diameter  and  8-in. 
long,  and  were  designed  partic¬ 
ularly  for  geophysical  work.  P'ive 
33,000-ohm  isolation  resistors  R, 
through  are  used,  one  between 
each  G-M  tube  and  the  coupling  ca¬ 
pacitor  C,.  A  1-megohm  resistor 
R,  provides  quenching.  A  subminia¬ 
ture  audio  transformer  T,  matches 
impedance  between  the  G-M  tubes 
and  the  ba.se  of  the  pulse  amplifier 
Q,.  Transistor  Q,  operates  without 
bias  and  conducts  little  or  no  cur¬ 
rent,  except  during  the  period  of  an 
applied  pulse.  As  the  amplitude  of 
the  pulse  from  the  G-M  tubes  is 
sufficient  to  drive  Q,  into  saturation, 
the  amplifier  also  .serves  as  a  pulse¬ 
shaping  and  leveling  stage.  A  sec¬ 
ond  subminiature  audio  trans¬ 
former  T,  matches  the  collector 
load  impedance  to  that  of  the  cable 
(about  50  ohms).  Crystal  diode  D, 
across  transformer  T,  prevents 
overshoot  at  the  collector  and 
damps  out  any  tendency  toward 
ringing  in  the  output  circuit.  The 
output  pulse  at  the  surface  is  about 
80  fisec  and  0.1  v  in  amplitude.  Rise 


time  is  about  3  /xsec  and  the  pulse 
is  quite  square. 

Power  Supply 

The  high-voltage  supply  consists 
of  a  blocking  oscillator,  a  subminia¬ 
ture  audio  transformer  T,  u.sed  as 
a  voltage  step-up  device,  a  minia¬ 
ture  high-voltage  .selenium  rectifier 
and  a  simple  R-C  filter.  Similar 
supplies  have  l>een  de.scribed.*  Be- 
cau.se  of  the  frequencies  involved 
and  the  low  current  drain,  enough 
filtering  is  achieved  by  two  small 
capacitors.  Although  the  capacitors 

contact  conductor  insulation 

SCREAI  clamp  ;  1 


are  rated  at  600  v  no  difficulty  has 
been  experienced  during  long 
periods  of  operation  at  700  v.  A 
second  simple  R-C  filter  isolates 
the  power-supply  oscillator  from 
the  battery  source  and  prevents 
coupling  with  the  pulse  amplifier. 
A  thermistor  that  shunts  decou¬ 
pling  resistor  /?,„  provides  somewhat 
crude  but  effective  temperature 
compensation.  Regulation  of  the 
output  voltage  is  satisfactory  over 
the  normal  operating  range  of  the 
instrument  which  is  80  to  125  F. 

The  power  supply  for  the  circuit 
is  three  mercury  batteries  in  series 
supplying  22.5  v  at  1.1  ma.  The 
rated  capacity  of  the  batteries  used 
is  350  milliampere-hours,  allowing 
a  practical  useful  life  of  more  than 
250  hours.  Slide  switch  Si  in  the 
head  of  the  probe  is  used  to  ener¬ 
gize  the  circuit  when  the  cable  is 
connected. 

The  outer  shell  of  the  probe  is  a 
welded  stainless-steel  tube  with  a 
1-in.  outside  diameter  and  a  0.064- 
in. -thick  wall.  The  ends  of  the  shell 
are  sealed  with  0-ring  assemblies. 
The  inner  conductor  of  the  logging 


cable  is  insulated  with  0.025-in. 
polyvinyl  plastic  covered  with 
0.005-in.  nylon  to  protect  the  in¬ 
sulation  from  abrasion  by  the  steel 
armor.  The  seal  through  which  the 
cable  enters  the  probe  is  a  simple 
neoprene  compression  ring  that 
seals  directly  upon  the  outer  layer 
of  the  insulation  as  shown  in  Fig. 
2.  Only  every  other  wire  of  the 
armor  is  clamped  in  the  head  of 
the  probe  to  insure  that  the  cable 
will  break  at  the  probe  if  the  in¬ 
strument  becomes  lodged  in  the 
hole  and  cannot  be  pulled  free.  The 

SEAL  COMPRESSION  ARMOR 

RETAINER  /Ring  / 


plug  at  the  bottom  of  the  probe  is 
a  solid  steel  section  10-in.  long, 
added  to  increase  the  weight  of  the 
in.strument. 

The  complete  assembly  rests 
upon  a  coil  spring  in  the  bottom  of 
the  probe  shell,  which  maintains 
pressure  upon  the  contact  between 
the  cable  terminal  and  the  probe 
circuit.  The  spring  also  serves  as 
a  shock  absorber  if  the  instrument 
should  strike  an  obstacle  in  the  hole 
or  the  bottom  of  the  well  while 
being  lowered.  A  screen-covered 
container  in  the  probe  holds  a  des¬ 
sicant  to  reduce  the  amount  of 
moisture  accumulated  in  the  as¬ 
sembly  as  a  result  of  opening  the 
probe  under  field  conditions. 

The  instrument  has  been  used 
intermittently  in  the  field  for  more 
than  a  year  with  satisfactory  re¬ 
sults.  About  20,000  feet  of  hole  was 
logged  during  this  time. 
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FIG.  2 — CroM-tection  oi  cable-head  assembly  shows  details  oi  method  used  to  seal 
probe  aqainst  pressures  which  may  rise  as  high  as  2,000  psig 
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Transistor  Chopper 

Transistorized  control  circuit  including  a  fre<juency-<leteriuining  crystal 
oscillator  feeds  a  voltage  chopper  which  doubles  the  28-v  d-c  supply  an<l  di¬ 
vides  the  driving  frequency.  The  a-c  pulsed  output  then  drives  a  synchronous 
clock  motor.  System  measures  time  intervals  from  10  sec  to  minutes  wi  th 
a  accuracy  of  0.02  percent  over  a  temperature  range  from  — 55  to  I  TO  (’ 
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WCCURATE  MEASUREMENT  of  time 
Xa  intervals  from  10  sec  to  sev¬ 
eral  minutes  when  the  only  source 
of  electrical  power  is  28  v  d-c  is  oc¬ 
casionally  necessary  in  military  ap¬ 


plications.  Generally,  the  problem  is 
solved  by  usinj?  mechanically  gov¬ 
erned  d-c  motors  to  operate  a  clock 
through  an  electromechanical 
clutch.  Expected  system  errors  are 


dt0.20  percent  of  the  measured  time 
interval  over  a  temperature  range 
from  —55  to  -f  70  C  and  an  addi¬ 
tional  error  of  ±0.01  sec  per  start 
and  stop  for  clutch  variations.  For 
some  applications  the  accuracy  of 
this  system  is  inadequate. 

With  a  moderate  increase  in  clock 
size,  a  long-time-interval  measuring 
clock  operating  on  +28  v  can  be 
made  almost  as  accurate  as  the 
clutching  error.  Besides  increased 
accuracy,  the  more  accurate  clock 
can  replace  less  accurate  clocks  al¬ 
ready  in  the  field  on  a  retrofit  basis. 

A  schematic  diagram  of  an  im¬ 
proved  time-interval  clock  system 
is  shown  in  Fig.  1.  The  transistor¬ 
ized  crystal  oscillator  generates  an 
800-cps  square-wave  signal.  A  pulse 
train  enters  the  bistable  voltage¬ 
doubling  chopper  which  provides 
the  a-c  power  necessary  to  operate 
a  synchronous  clock  motor. 

Voltage-Doubling  Chopper 


FIG.  1 — Time-interral  clock  usei  bUtoble  voltaqo  doubling  chopper  to  proride  a-c  power 
neceieary  to  driee  eynchronout  clock  motor  with  0.02-percent  accuracy 
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FIG.  2 — ^Voltage-doubling  chopper  utillxee  complementary  symmetry  feature  oi  tron- 
■istors  (A)  to  double  input  Toltoge  to  that  appearing  across  the  load  in  (B) 


Operation  of  the  voltage-doubling 
chopper  is  described  by  reference  to 
its  circuit  removed  from  the  system 
and  shown  in  Fig.  2.  This  back-to- 
back  flip-flop  is  a  result  of  the 
complementary  nature  of  pnp  and 
npn  transistors.  Resistor  R  is  the 
load.  When  transistors  Q,  and  Q. 
are  biased  on  and  consequently  col- 
lector-to-emitter  impedance  is  near 
1  ohm,  transistors  Q,  and  Q,  are 
biased  off  and  their  collector-to- 
emitter  impedance  is  greater  than 
several  hundred  thousand  ohms.  In 
this  state  the  potential  at  point  B 
is  +£■  while  at  A  it  is  zero.  Since 
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Drives  Accurate  Clock 


TranaUtorizad  clock  occupio*  zamo  panel  Side  view  of  time-interral  clock  lyttem  Technician  makes  proper  adjustmenU  of 

as  mechanically  qoTemed  clock  shows  mountinq  of  circuit  components  time-interral  clock  using  counter 


the  circuit  is  bistable,  the  two  ptairs 
of  transistors  can  be  switched  and 
the  potentials  at  A  and  H  can  be 
reversetl. 

When  the  circuit  is  tri^Kered  by 
a  pulse  train  of  fretjuency  /,  the 
waveforms  obtained  at  A  and  H  are 
shown  in  Fig.  2B  where  T  is  the 
reciprocal  of  the  frequency.  The 
voltatfe  across  R  is  the  voltaffe  at  A 
minus  the  voltaKc  at  B  as  shown  in 
P'ifr.  2B,  and  has  a  peak-to-iteak 
mairnitude  of  2E. 

When  the  circuit  is  trijrfrered  at 
frequency  f,  it  chops  the  supply 
voltajre  at  frequency  of  //2  and  the 
peak-to-peak  output  voltajre  across 
load  R  is  double  the  matrnitude  of 
the  d-c  supply.  Since  low-power 
trijTRer  pulses  control  a  much 
Rreater  an"  power  level  in  load  R, 
circuit  efficiency  is  R(M>d.  When  sup¬ 
ply  voltaRe  K  in  Fijr.  2 A  is  4  28  v 
the  square  wave  across  load  R  has 
a  peak-to-peak  maRiiitude  2E  of 

56  V. 

For  a  800-cps  frequency,  the  fre- 
(juency  of  the  square  wave  across  R 
is  400  cps.  The  Fourier  aeries  of  the 
square  wave  yields  the  rms  maRni- 
tude  of  a  fundamental  voltaRe  com¬ 
ponent  E,„,  as  2  (2)''*  Eir.  With 
2E  equaliiiR  56  v,  A’,„,  equals  25.4  v. 

Synchronous  Motor 

Small  synchronous  clock  motors 
run  at  .synchronous  speed  with 
square  wave  excitation  as  well  as 
with  sinu.soidal  excitation.  There¬ 
fore,  when  transistors  of  sufficient 
current  ratinR  are  used,  load  R  can 
be  replaced  by  a  25-v,  400-cpa,  6.6-w 


synchronous  motor  as  shown  in  FiR. 
1.  Square  wave  harmonica  hiRher 
than  the  fundamental  are  absorbed 
as  losses  within  the  .synchronous 
motor. 

Oscillator 

In  ch(M>sinR  an  o.scillator  for  the 
time-interval  clock  sy.stem,  re¬ 
sistors.  inductors,  capacitors,  a  fork 
or  a  crystal  could  have  been  used 
for  frequency  control.  The  crystal 
oscillator  was  chosen  because  the 
development  of  low-frequency  du¬ 
plex  crystal  blanks  has  made  avail¬ 
able  crystals  which  are  small, 
trouble  free,  and  stable  in  the  an¬ 
ticipated  environments  of  military 
applications.  UsinR  a  duplex  crystal 
without  an  oven,  a  stability  Rreater 
than  -i-0.02  percent  of  the  output 
fre<|uency  over  a  temperature  ranRe 
fn)m  —.55  to  *  70  (*  is  expected. 

The  steeriiiR  circuit  is  compo.sed 
«)f  transistors  Q,,  Q,.  Q;  and  Q..  If 
(J,  and  Q,  of  the  voltaRe-doublinR 
chopper  are  on,  then  Q,  of  the  steer- 
inR  circuit  is  biased  on  and  Q,  is  off. 
When  a  triRRer  pulse  from  the  oscil¬ 
lator  pulse  train  occurs,  transistors 
Q,  and  Q,  which  normally  are  off, 
are  bia.sed  on  for  the  duration  of 
the  pulse. 

No  output  appears  at  the  collector 
of  Qj  since  parallel  transistor  Q,  is 
already  on.  However,  since  Q,  is  off, 
a  neRative  pulse  ai)pears  at  the 
collector  of  Q.  which  bia.ses  Q,  on. 
When  Q,  is  on,  the  voltaRe-doublinR 
chopper  chanRes  to  its  other 
bistable  state  .so  that  (J,  and  Q,  are 
off  and  Q.  and  Q,  are  on.  The  circuit 


can  switch  back  to  its  original 
stable  state  by  application  of  an¬ 
other  trigger  pulse. 

Time  accuracy  of  the  chopper  is 
a  function  of  the  oscillator  fre¬ 
quency  which  can  be  controlled  to 
rt0.02  percent.  The  original  me¬ 
chanically  governed  d-c  clock  motor 
had  a  time  accuracy  of  ±;0.2  per¬ 
cent.  For  the  temperature  range 
—  55  to  4-70  C,  the  chopper  circuit 
provides  an  operating  accuracy  im¬ 
provement  by  a  factor  of  ten  while 
the  clutching  error  remains  the 
same.  The  improved  accuracy  was 
great  enough  to  make  a  decrease  in 
the  clutch  errors  unnecessary. 
Extra  components  illustrated  in 
Fig.  1  can  be  packaged  as  an  ex¬ 
tension  to  the  back  of  existing  d-c 
clock  geometery. 

Reliability 

The  system  satisfies  the  military 
requirements  of  reliability.  Crystal- 
controlled  oscillators  and  snychro- 
nous  motors  are  among  the  most 
reliable  device.s.  Transistor  circuits 
can,  with  design  care,  be  made 
rea.sonably  reliable  too.  Should  any 
failure  occur  which  prevents  trig¬ 
ger  pulses  from  reaching  the  volt¬ 
age-doubling  chopper,  a-c  signals  do 
not  appear  across  the  motor  so  that 
free-running  operation  is  impos¬ 
sible  in  the  ab.sence  of  trigger 
pulses. 

The  author  thanks  G.  S.  Mills, 
R.  A.  Richards  and  those  individu¬ 
als  in  the  Electronic  Test  Equip¬ 
ment  Department  who  aided  him 
with  their  advice  and  criticism. 
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Composite  video  signal  from  helieopter-earried  image-orthicon  camera  chain 
is  transmitted  to  ground  or  surface-vessel  installations  w  ithin  .^O-mile  line-of- 
sight  range  hy  30-w  fret|iiency-modiilated  transmitter  operating  in  780  to 
900-nic  freipiency  han<l.  Besides  military  use.  system  supplies  pickup  for 
commercial  network  telecasts  of  conventitins,  parades  and  the  like 

Airborne  Tv  System  for 
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COMPARED  TO  Conventional  a-m 
techniques,  frequency  modula¬ 
tion  of  a  television  transmitter  can 
result  in  hijfher  efficiency,  im¬ 
proved  signal-to-noise  ratio  for 
lower  video  frequencies  and  a  more 
compact  physical  unit.  For  these 
reasons  it  was  decided  to  employ 
f-m  in  an  air-to-ground  uhf  tv  sys¬ 
tem  for  military  reconnaissance 
from  a  helicopter.  Transmi.ssion 
can  be  on  any  of  ten  12-mc  channels 
in  the  range  of  780  to  900  me. 

System  Description 

Figure  1  shows  a  block  diagram 
of  the  transmitting  and  receiving 
equipment.  The  image  orthicon 
camera  chain  is  a  commercial  unit 
which  produces  a  525-line  inter¬ 
laced  picture  having  a  field  fre¬ 
quency  of  60  cps.  Its  output  is  a 
composite  video  signal,  having  a 
level  of  Iv  p-p  on  a  75-ohm  coaxial 
cable.  Applied  to  the  input  of  the 
tran.smitter,  this  signal  produces  a 


radiated  signal  having  a  maximum 
deviation  of  10  me. 

The  transmitter  includes  a 
deviator  operating  at  a  freijuency 
of  30  me,  a  crystal-controlled  fre¬ 
quency  converter,  tripler,  doubler, 
driver  and  output  stage.  The  final 
stage  delivers  approximately  30 
w  of  r-f  power  to  a  50-ohm  load. 

One  of  the  transmitting  an¬ 
tennas  is  an  omnidirectional  ver¬ 
tically  polarized  array  having  a 
power  gain  of  6  db  which  results 
in  an  effective  radiated  power  of 
120  w.  Under  line-of-sight  condi¬ 
tions,  the  transmission  range  is  ap¬ 
proximately  50  miles. 

Power  for  the  transmitter  and 
sync  generator  are  obtained  from 
an  inverter  which  converts  the  28- 
V  d-c  available  from  the  generator 
on  the  helicopter  to  115-v,  400  cps. 

The  receiving  equipment  which 
may  be  ground  based  or  installed  on 
a  surface  vessel,  comprises  an  an¬ 
tenna,  wideband  f-m  receiver  and 


a  bank  of  17-inch  monitors. 

Various  types  of  vertically  polar¬ 
ized  receiving  antennas,  including 
a  quarter-wave  .stub,  a  4-ft  dish,  a 
2-ft  dish,  a  helix  and  a  three-bay 
.stacked  array,  are  used  with  the 
receiver.  The  antenna  u.sed  for  a 
particular  in.stallation  depends  on 
the  di.stance  and  altitude  of  the 
transmitter  and  the  proximity  of 
objects  which  create  multipath. 
Under  multipath  conditions,  f-m 
eliminates  ghost  or  repeat  images. 
However,  in  their  place,  the  pic¬ 
ture  has  a  scintillating  appearance 
commonly  called  prune  wrinkle. 

Deviator 

The  composite  video  voltage 
from  the  camera  chain  contains 
frequency  components  up  to  5  me. 
This  voltage  is  applied  to  the  6AK5 
input  tube  of  the  deviator,  shown 
in  Fig.  2,  to  frequency  modu¬ 
late  the  three-tube  deviable  fre¬ 
quency  o.scillator  composed  of  a 
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TaUTlsion  camera  la  positioned  in  open  door  of  helicopter  (left).  Quarter-waTe  stub  transmitting  antenna  extends  below  body  when 
airborne.  Internal  xiew  of  helicopter  (right)  shows  arrangement  oi  camera  chain  and  adjunct  equipment 


Military  Reconnaissance 


404A  and  two  type  5725  tubes,  ujfes  at  white  level  the  oscillator 
The  freqtiency  of  oscillation  is  frequency  is  30.84  me. 
determined  by  the  phase  character-  Frequency  deviation  with  video 
istic  of  the  feedback  path.  For  input  level  is  linear  and  a  deviation 
video  voltaKes  at  .sync-tip  level,  the  of  1.67  me  (30.84  to  29.17  me) 
deviator  o.scillates  at  a  frequency  results  in  a  total  deviation  of  10 
of  29.17  me.  while  for  video  volt-  me  after  triplinj?  and  doubling 


Picture  on  IT-in.  monitor  was  transmitted  from  airborne  camera  chain  by  uht  i-m 


in  the  succeeding  stages  of  the 
transmitter. 

The  d-c  restorers  set  the  fre¬ 
quency  for  sync-tip  level  close  to 
one  edge  of  the  band  and  hold  it 
there  for  video  signals  having  dif¬ 
ferent  average  values.  The  video 
voltages  applied  to  the  d-c  restorers 
are  approximately  6  v  p-p  for  good 
restoration.  Compen.sated  attenu¬ 
ators  in  the  feeds  to  the  modulat<»r 
tul)es  set  the  video  signal  level  ap¬ 
plied  to  the  suppre.ssor  grids  at  1  v. 

The  r-f  voltage  from  the  oscil¬ 
lator’s  plate  circuit  is  fed  to  the 
control  grids  of  the  two  modulator 
tubes  through  45-deg  pha.se-shift- 
ing  netw«)rks.  As  a  result  the  plate 
currents  of  these  tubes  are  90  deg 
out  of  pha.se  when  operating  at  30 
me  and  the  total  plate  current  is 
the  vector  sum  of  the  individual 
plate  currents.  This  current  devel¬ 
ops  a  voltage  at  the  grid  of  the 
oscillator  that  is  in  pha.se  with  the 
plate  current  t>f  the  modulator 
tul)es  since  the  parallel-re.sonant 
circuit  connected  to  the  grid  of 
oscillator  is  tuned  to  30  me.  Under 
these  conditions  the  circuit  will 
oscillate  at  30  me. 

Since  video  signals  of  equal  am- 
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plitude  and  opposite  polarity  are 
applied  to  the  suppressor  grids  of 
the  modulators,  the  plate  current 
of  one  modulator  may  be  increased 
while  that  of  the  other  modulator 
decreases.  Under  these  conditions, 
the  phase  of  the  resultant  plate  cur¬ 
rent  and  the  phase  of  the  voltage 
applied  to  the  oscillator  grid 
changes.  To  sustain  oscillation, 
the  frequency  adjusts  itself  so  that 
the  required  phase  characteristic 
is  maintained.  Thus,  the  amplitude 
of  the  applied  video  signal  controls 
the  frequency. 

The  30-mc  f-m  signal  is  applied 
to  the  exciter,  at  a  level  of  0.7  v 
rms,  through  a  6AK6  buffer. 

Exciter 

The  transmitter  exciter  and 
jriver  are  shown  in  Fig.  3.  The 


local  oscillator  is  a  crystal-con¬ 
trolled  o.scillator-doubler.  Control 
for  894-mc  operation  is  provided  by 
a  59.5-mc  series-mode  cry.stal;  L, 
resonates  the  shunt  capacitance  of 
the  cry.stal  while  L,  tunes  the  stray 
circuit  capacitance  at  59.5  me.  The 
double-tuned  circuit  consisting  of 
L:„  L„  Ct  and  stray  capacitance  is 
sharply  re.sonant  at  119  me.  This 
interstage  coupling  rejects  un¬ 
wanted  oscillator  harmonics  and 
provides  higher  gain  than  a  .single- 
tuned  circuit.  Proper  tuning  of  the 
oscillator  is  indicated  by  a  peak  in 
the  grid  current  of  the  mixer. 

The  30-mc  signal  from  the  devi- 
ator,  with  a  maximum  deviation 
of  1.67  me,  is  applied  to  grid  three 
of  the  mixer.  The  sum  of  30  me 
and  119  me  is  produced  at  the  grid 
of  \\  by  the  T-coupled  type  double- 


tuned  interstage  network  com- 
pri.sed  of  L.,  C„  L,  and  /2,  along 
with  stray  capacitance.  Primary 
and  .secondary  tuning  are  provided 
by  A,  and  L,  respectively,  C,  con¬ 
trols  the  degree  of  coupling  and 
load  resistor  /?,  determines  band¬ 
width.  Plate  current  is  supplied 
through  Ri  a  1,000-ohm  resistor 
with  negligible  r-f  loading  effect. 

Interstage  response  is  maximally 
flat,  with  a  3-db  bandwidth  of  32 
me.  Similar  interstage  networks 
are  u.sed  at  the  outputs  of  the  first 
and  second  voltage  amplifiers.  The 
T-coupled  interstage  network  was 
selected  in  preference  to  the  pi- 
coupled  becau.se  the  distribution  of 
.stray  coil  capacitance  in  the  former 
yields  a  higher  gain-bandwidth 
product. 

The  output  circuit  of  the  third 
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FIG.  4 — Ooubl*-tutted  coaxial  tanki  provide  Aelectivity  for  receiver 
tuner.  Unit  provides  40  db  rejection  of  imaqe  frequency 


Transmitter  (top)  and  sync  generator  (center)  and  mounted  over 
400-cps  rotary  inverter.  Tube  at  right  supports  stub  antenna 
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amplifier  is  of  a  different  form 
.since  it  must  be  coupled  through 
the  coaxial  cable  to  the  driver.  The 
circuit  is  double-tuned  and  consists 
of  L-,  a  short  length  of  RG-55/U, 
/>.,  C,  and  stray  capacitance. 
Capacitor  C,  acts  as  an  impedance 
step-up  transformer  with  the  in¬ 
put  capacitance  of  V,  to  transform 
the  low  input  resistance  of  V'.  to  a 
higher  value  acro.ss  L,\  L,  and  />. 
are  modified  Mallory  flat-spiral  tun¬ 
ing  elements,  the  former  control- 
ing  the  coupling  to  L,  and  the  latter 
tuning  the  secondary  circuit.  The 
R(r-65/U  cable  affects  both  coup¬ 
ling  and  tuning. 

A  signal  level  of  0.3  w  drives  the 
grounded-grid  driver  stage  to  an 
output  of  3  w  to  fee<l  the  frequency 
tripler  which  follows.  The  driver 
operates  class  A  with  zero  bias  and 
a  plate  current  of  60  ma.  The  coup¬ 
ling  l>etween  V',  and  the  tripler  is 
similar  to  that  l>etween  V,  and  r». 

A  frequency  tripler  and  doubler, 
using  grounded-grid  5876  pencil 
triodes,  rai.se  the  center  frequency 
to  894  me  and  increa.se  the  devia¬ 
tion  to  10  me.  A  2C39A  first  power 
amplifier  delivers  6  w  to  the  input 
of  the  transmitter  output  stage, 
another  2('39A.  All  coupling  inter¬ 
stage  networks  from  the  output  of 
the  tripler  through  the  antenna  cir¬ 
cuit  are  double-tuned  pi-equiva¬ 
lents  with  capacitance  coupling, 
transitionally  coupled  for  a  flat  re¬ 
sponse  of  10  me  in  each  stage  and 
an  overall  response  of  10  me  be¬ 
tween  1-db  points. 

Output  Stage 

The  2C39A  output  stage  is  oper¬ 
ated  with  a  plate  voltage  of  900  v 


and  a  plate  current  of  110  ma.  The 
input  drive  of  6  w  produces  an  out¬ 
put  power  of  30  w  across  a  10-mc 
band  into  a  50-ohm  antenna.  The 
input  signal  is  applied  through  a 
fixed  tap  on  the  center  conductor  of 
a  grid-cathode  coaxial  line.  Tuning 
of  this  circuit  is  accomplished  by 
a  sliding  shorting  plunger  with 
spring  finger  contacts  to  both  inner 
and  outer  conductors. 

The  antenna  coupling  circuit  is 
double-tuned  and  transitionally 
coupled;  its  primary  is  formed  by 
the  grid-plate  coaxial  line,  with  an 
adju.stable  shorting  plunger.  Coup¬ 
ling  is  provided  by  an  adjustable 
capacitive  probe  inserted  into  the 
plate  line  and  by  a  short  length  of 
RG-55/U.  The  secondary  of  the 
double-tuned  circuit  comprises  a 
coaxial  filter  cavity  with  variable- 
capacitance  end  loading  for  tuning 
and  a  sliding  contact  connection  to 
the  50-ohm  antenna  line  to  control 
loading. 

The  30-w  output  from  the  filter 
cavity  is  fed  to  the  transmitting 
antenna  through  .several  feet  of 
RG-9/U. 

Receiver 

As  shown  in  Fig.  1,  the  super¬ 
heterodyne  receiver  consists  of  two 
passive  tunable  pre.selector  stages, 
a  local  oscillator  and  crystal  mixer, 
a  low-noi.se  i-f  preamplifier,  a  high- 
gain  i-f  amplifier  of  ten  .stages, 
two  cascaded  limiters  and  an  f-m 
detector.  The  i-f  center  is  45  me 
and  the  overall  bandwidth  is  10  me 
between  the  1-db  down  points. 
Video  output  for  maximum  trans¬ 
mitter  deviation  is  approximately 
1.4  V  into  a  75-ohm  load. 


The  received  signal  at  the  an¬ 
tenna  is  coupled  to  the  receiver 
tuner  in  Fig.  4  by  low-loss  RG- 
17/U  coaxial  cable.  50  to  150  feet 
in  length.  Selectivity  ahead  of  the 
1N21C  mixer  diode  is  provided  by 
a  double-tuned  coaxial  circuit.  The 
antenna  signal  is  coupled  to  the 
first  tank  by  a  grounded  loop, 
which  presents  a  50-ohm  load  to  the 
coaxial  cable. 

Coupling  between  the  two  pre¬ 
selector  tanks  is  through  a  transi¬ 
tional  rectangular  aperture  with  a 
3-db  bandwidth  of  18  me,  so  as  to 
provide  40  db  of  rejection  at  the 
image  frequency,  which  is  90  me 
above  the  signal  frequency.  The  in¬ 
sertion  loss  of  the  pre.selector  is 
about  0.5  db.  Secondary  loading  is 
furnished  by  the  mixer  diode 
through  a  grounded  loop. 

The  local  oscillator  is  a  sub¬ 
miniature  triode  operated  as  a 
grounded-plate  Colpitts  oscillator 
with  coaxial  tuning,  operating  at 
45  me  above  the  signal  frequency. 
Local  o.scillator  drive  to  the  crystal 
is  furnished  by  a  grounded  loop 
and  capacitance-T  divider  C„  Cs,  C„ 
which  permits  adjustment  of  oscil¬ 
lator  injection  without  affecting 
the  tuning  of  the  r-f  tank.  The  in¬ 
jection  level  is  controlled  by  C,  and 
tuning  of  all  three  coaxial  circuits 
of  the  tuner  is  obtained  through  a 
variable  loading  capacitance  at  one 
end  of  each  line. 

I-F  Amplifiers 

The  i-f  preamplifier,  also  in  Fig. 
4,  receives  the  45-mc  output  of  the 
mixer  by  a  plug-in  coaxial  fitting. 
The  first  stage  of  the  preamplifier 
is  a  grounded-grid  triode  having  a 
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broadly  resonant  single-tuned  in¬ 
put  circuit  because  of  the  low  input 
resistance  of  the  grounded-grid 
stage.  This  type  of  input  stage  w'as 
selected  so  the  constant  loading  on 
the  i-f  side  of  the  mixer  diode 
would  minimize  the  interaction 
with  the  tuning  on  the  r-f  side. 

To  preserve  a  good  noise  figure, 
the  input  stage  is  followed  by  an 
overcoupled  double-tuned  circuit 
and  a  series  amplifier  composed  of 
two  417 A  tubes.  The  double-tuned 
input  network  to  the  series  ampli¬ 
fier,  L„  L„  L„  and  single-tuned 
output  L.,,  comprise  a  flat  triple 
with  a  response  0.3  db  down  at  40 
and  50  me  and  a  3-db  bandwidth 
of  approximately  15.5  me. 

Single-tuned  circuit  Lr.,  between 
the  two  sections  of  the  series  am¬ 
plifier  is  broadly  resonant  because 
of  the  heavy  loading  by  the 
grounded-grid  417A.  Neither  this 
circuit  nor  the  one  containing  L, 
has  a  serious  effect  on  overall  pre¬ 
amplifier  response. 

The  preamplifier  is  followed  by 
the  main  i-f  amplifier,  limiters,  and 
a  wide-band  discriminator.  All  i-f 
and  limiter  stages  are  inductive  pi- 
equivalent  double-tuned  circuits, 
transitionally  coupled,  with  an 
overall  response  0.3  db  down  at  40 
and  50  me.  The  response  of  the 
entire  receiver  is  10  me  between 
1-db  points  and  is  25  db  down  at 
adjacent  channel  centers. 

The  noise  figure  of  the  i-f  pre¬ 
amplifier  is  about  2.6  db  and  8.5  to 


10  db  for  all  ten  channels  of  the  en¬ 
tire  receiver,  as  measured  at  the 
input  connector. 

Sync  Generator 

A  block  diagram  of  the  airborne 
sync  generator  is  shown  in  Fig.  5. 
By  eliminating  the  equalizing 
pulses  and  .serrations  in  the  verti¬ 
cal  sync  pulse,  relatively  simple  cir¬ 
cuitry  has  been  achieved.  In  all 
other  respects  the  .sync,  blanking, 
and  drive  waveforms  are  identical 
to  the  .standard  El  A  signals  used 
for  commercial  tv  broadca.sting. 

Under  these  conditions  of  opera¬ 
tions,  sync  performance  including 
interlace  has  been  good.  Standard 
El  A  .sync  and  the  simplified  sync 
signal  are  illustrated. 

Application 

This  airborne  system,  including 
the  simplified  .sync  generator,  was 
used  to  supply  video  from  the 
camera  pickup  in  the  helicopter  to 
the  NBC  network  for  two  Wide 
Wide  World  telecasts  in  the  spring 
of  1957. 

Technical  operation  of  the  air¬ 
borne  transmitting  equipment  and 
receivers  was  under  the  control  of 
engineers  from  the  Bureau  of 
Ships  and  the  Philco  Corporation. 
In  both  telecasts  it  was  possible, 
using  standard  television  broadcast 
equipment,  to  strip  the  nonstand¬ 
ard  sync  in  a  stabilizing  amplifier, 
lock  a  ground-based  sync  generator 
to  the  nonstandard  sync  and  rein- 


.sert  standard  El. 4  .sync  for  the  net¬ 
work  broadcasts. 

The  fiist  air  pickup  was  from 
the  San  Diego  area  where  the  re¬ 
ceiving  equipment  was  ground 
based  and  the  second  was  from 
over  the  Atlantic  Ocean  near 
Miami,  P'lorida,  where  the  receiv¬ 
ing  equipment  was  located  on  the 
aircraft  carrier  U.  S.  S.  Franklin 
D.  Roosevelt. 

Alternate  Operating  Modes 

During  the  course  of  develop¬ 
ment,  the  use  of  sine-wave  sub¬ 
carrier  synchronization  in  place  of 
impulsive  sync  was  investigated. 
In  this  method  1.3-mc  carrier 
bursts  (extending  from  blanking 
to  white  level)  replace  the  hori¬ 
zontal  and  vertical  .sync  pulses. 

Elimination  of  the  blacker-than- 
black  region  required  for  conven¬ 
tional  impulse  sync  permits  greater 
deviation  of  the  transmitter  by  the 
video  information  and  results  in 
slightly  better  receiver  signal-to- 
noi.se  ratio.  Comparative  tests  of 
the  two  methods  of  synchronization 
under  conditions  of  severe  multi- 
path  indicate  more  stable  perform¬ 
ance  for  impulsive  sync.  Under 
normal  propagation  conditions, 
there  is  no  observable  difference  in 
performance  between  the  two. 

Te.sts  were  also  performed  using 
a  525-line,  2-to-l  interlaced,  20- 
frame  system  for  the  purpose  of 
investigating  the  potentialities  of 
operation  with  either  narrower 
bandwidths  or  greater  deviation 
ratios.  Performance  under  various 
propagation  conditions  was  at  least 
as  gcK)d  as  that  obtained  with  the 
30-frame  system. 

To  reduce  the  effects  of  flicker 
arising  from  the  lower  frame  rate, 
experimental  17-in.  picture  tubes 
using  phosphors  with  longer  per¬ 
sistence  than  P-4  were  fabricated 
and  installed  in  the  monitors.  Some 
evidence  of  smearing  of  rapidly 
moving  objects  was  obtained  be¬ 
cause  of  the  longer  persi.stence. 

The  authors  gratefully  acknowl¬ 
edge  the  efforts  of  the  many 
Bureau  of  Ships  and  Philco  Re¬ 
search  personnel  who  contributed 
to  the  succe.ssful  development  and 
testing  of  this  system  which  was 
developed  for  the  U.  S.  Navy 
Bureau  of  Ships  under  Contract 
No.  NOBSR-6.3394  (1714). 
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FIG.  1-  Circuit  oi  automatic  amplitud*  con¬ 
trol  for  audio  ••ction  of  radio  tranamittar 
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Automatic  Speech 
Amplitude  Control 


Two  miniature  vacuum  tubes  and  four  crystal  diodes  provide  automatic 
amplitude  control  for  speecli  fretpiencies  to  increase  amount  of  intelligence 
transmitted  over  radio  communi(*ation  system  under  adverse  conditions. 
Differentiating  network  changes  energy  distribution  of  speech  so  that  input 
amplitude  variations  of  up  to  35  dh  over  range  of  300  to  3.000  cps  are 
reilucefl  to  only  about  1  dh  at  output,  with  relatively  little  distortion 


By  I.YI.E  K.  BATFERSBY 

Senior  I’rojwt  Knutneer,  Radio  Communication  Research  Section,  SCEL,  Fort  Monmouth,  N.  J. 


IN  RADIO  communication  ay.stems 
it  i.s  es.sential  that  the  r-f  car¬ 
rier  be  modulated  fully  to  obtain 
maximum  transmitter  efficiency  and 
to  provide  the  best  sifrnal-to-noise 
ratio  at  the  receiver.  This  is  not 
possible  with  ordinary  speech  which 
contains  .stronR  as  well  as  weak 
signals  unle.ss  some  means  are  pro¬ 
vided  for  modifyinjr  the  speech 
amplitude  characteristics. 

Devices  presently  used  for  this 
purpose  include  companders,  volume 
limiters,  clippers,  peak  limiters  and 
others,  u.sed  sinjrly  or  in  combina¬ 
tion.  The  dynamic  control  ran^e 


obtained  and  the  distortion  intro¬ 
duced  by  such  devices  varies  widely, 
as  does  their  complexity.  P'or  mili¬ 
tary  application  such  a  device 
should  preferably  have  small  size, 
weifjht  and  power  drain,  provide  a 
wide  dynamic  control  ranjre  and 
have  a  minimum  of  distortion. 

The  automatic  speech  amplitude 
control  to  be  described  is  such  a 
device  and  includes  means  for  modi- 
fyinf?  the  amplitude  characteristics 
of  speech  to  modulate  an  r-f  carrier 
more  effectively  with  a  maximum  of 
the  intelligence  to  l)e  transmitted 
and  a  minimum  of  distortion. 


The  speech  wave  is  first  dif¬ 
ferentiated  and  then  applied  to  an 
automatic  amplitude  control  circuit 
of  unique  desi);n  which  preserves 
the  waveform  over  a  wide  dynamic 
input  ranjre.  Input  speech  varia¬ 
tions  of  35  db  or  more  are  thus 
reduced  at  the  output  to  approxi¬ 
mately  6  db  with  negligible  distor¬ 
tion.  To  further  reduce  these  output 
variations  and  to  limit  rapid  noise 
peaks,  the  speech  wave  is  then 
lightly  clipped.  The  resultant  out¬ 
put  variations  are  only  about  1  db. 

Basically,  this  method  of  speech 
amplitude  control  has  much  less  dis- 
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Miniaturixed  automatic  amplitude  control  unit,  designed  ior  insertion  in  speech  frequency 
line,  consumes  11  watts.  Plate  power  input  at  normal  lerels  is  about  3  w 


tortion  than  that  of  systems  which 
utilize  clippinjr  of  35  db  or  more 
to  obtain  a  wide  dynamic  control 
ranjre.  In  practice,  it  has  been 
demonstrated  that  the  distortion  in¬ 
troduced  by  this  method  is  too  small 
to  be  detected  by  the  listener  and 
it  also  provides  much  larger  dy¬ 
namic  range  than  that  obtainable 
with  systems  which  use  relatively 
light  clipping  alone  to  reduce  the 
speech  amplitude  variations. 

Circuit  Description 

A  circuit  diagram  of  the  auto¬ 
matic  amplitude  control  is  shown  in 
Fig.  1.  For  convenience,  the  circuit 
operation  will  be  described  in  terms 
of  sine-wave  input.  It  will  prove 
helpful  to  think  of  electron  tubes 
F,  and  V,  as  separate  amplifiers  fed 
from  a  common  source. 

The  sine-wave  input  acting  across 
differentiating  inductor  L,  is  ap¬ 
plied  through  voltage  divider  net¬ 
work  RrRi  to  the  grid  of  V,  and 
through  C,  to  the  grid  of 

On  the  positive  alternation  of  the 
input  cycle  the  grids  of  both  tubes 
become  less  negative  and  an  ampli¬ 
fied  negative-going  voltage  is  de¬ 
veloped  across  load  resistor  R  of  F,. 
This  voltage  is  applied  through  C, 
to  a  voltage  divider  network  con¬ 
sisting  of  R,,  C,  and  R,  in  parallel 
with  L,  and  R,  and  R,.  The  ampli¬ 
fied  negative-going  signal  appear¬ 
ing  at  the  junction  of  /?.  and  C„ 


which  would  normally  be  applied  to 
the  control  grid  of  F,  in  the  absence 
of  C„  is  returned  to  the  input  cir¬ 
cuit.  As  this  feedback  voltage  is  in 
opposition  to  the  applied  signal 
voltage,  the  signal  voltage  is  re¬ 
duced  and  the  dynamic  range  of  V', 
thus  extended.  Simultaneou.sly  the 
amplified  signal  appearing  at  the 
plate  of  V',  is  effectively  reduced  at 
the  control  grid  of  F^  Diodes  D, 
and  Di  do  not  operate  as  rectifiers 
but  only  as  high  resistances  during 
this  positive  alternation  of  the  in¬ 
put  cycle. 

Reducing  Output 

During  the  negative  alternation 
of  the  input  cycles,  diodes  D,  and  D, 
provide,  in  conjunction  with  C,,  a 
negative  bias  for  the  control  grid  of 
F,  which  is  derived  from  the  ampli¬ 
fied  signal  of  F,.  This  bias  for  any 
input  amplitude  is  much  larger  than 
the  signal  voltage  applied  through 
C,.  As  a  result,  the  change  in  plate 
current  of  V,  caused  by  the  signal  is 
small,  and  the  output  voltage  varies 
only  w’ithin  .small  limits. 

On  the  negative  alternation  of 
the  input  cycle,  as  the  control  grids 
of  F,  and  F,  become  more  negative, 
the  amplified  voltage  across  R, 
moves  in  a  positive  direction.  When 
the  positive-going  voltage  exceeds 
the  voltage  on  C„  crystal  diodes  I), 
and  D,  operate  as  rectifiers.  The 
current  through  the  diodes  in¬ 


creases  the  charge  on  C,  and  thus 
increa.ses  the  negative  bias  applied 
to  the  control  grid  of  F,.  At  the 
same  time,  the  amplified  signal 
v«)ltage  on  the  plate  of  V',  is  elec¬ 
trically  disconnected  from  the  grid 
of  F„  which  now  receives  the  signal 
voltage  through  C,.  Because  the 
negative  input  signal  applied 
through  C,  to  F,  is  small  compared 
to  the  negative  d-c  bias  remaining 
on  this  grid,  the  change  in  plate 
current  of  V’,  is  small  and  the  out¬ 
put  voltage  again  varies  only  within 
small  limits. 

To  further  reduce  the  output 
variations,  crystal  diodes  D  and  D, 
are  u.sed  to  lightly  clip  the  positive 
and  negative  peaks  of  the  output 
wave.  The  resultant  output  signal 
level  then  varies  in  the  order  of  1 
db  for  an  input  level  variation  of 
35  db.  Diode  bias  batteries  deter¬ 
mine  the  minimum  level  (3  v)  at 
which  the  diodes  w’ill  conduct,  and 
the  potentiometer  serves  to  adjust 
the  output  voltage  to  the  desired 
clipping  level. 

The  total  power  consumption  of 
the  unit  is  11  watts.  Plate  power 
input  is  about  6  watts  at  250  volts 
with  no  signal  applied,  and  de¬ 
creases  with  increasing  signal  to 
1  watt  at  maximum  input  levels. 
Plate  ptnver  input  at  normal  speech 
levels  is  approximtely  3  watts. 

The  time  constant  governing  the 
attack  time  in  amplitude  contr*»l  de¬ 
vices  operating  at  speech  fre<|uen- 
cies  is  usually  a  compromise  be¬ 
tween  two  requirements:  action  fast 
enough  to  control  the  peaks  and 
action  slow  enough  so  as  not  to 
compress  later  portions  of  .speech 
after  early  portions  have  caused  the 
gain  reduction.  In  addition,  the  re- 
Iea.se  time  must  be  slow  enough  to 
insure  quick  recovery  after  strong 
signal  input. 

Peak  Clipping 

The  amplitude  control  described, 
without  peak  clipping,  meets  the 
above  requirements  .satisfactorily  in 
sy.stems  in  which  the  output  varia¬ 
tions  can  be  in  the  order  of  6  db. 
Such  applications  include  sound 
sy.stems  and  radio  receivers.  For 
transmitter  application,  however, 
where  maximum  modulation  ca¬ 
pability  is  a  requirement,  these 
variations  should  be  reduced  to  a 
minimum.  F'or  this  reason,  peak 
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clipping  is  provided  in  the  unit. 

To  keep  the  circuitry  as  simple 
as  possible  and  minimize  the  num¬ 
ber  of  components  required,  no 
special  provision  has  been  made  for 
balanced  peak  clipping.  In  practice 
it  was  found  that  crystal  diodes 
of  the  type  utilized  are  quite  uni¬ 
form  and  therefore  the  .selection  of 
diodes  having  similar  character¬ 
istics  is  not  a  problem.  For  optimum 
results,  however,  the  diodes  should 
have  a  forward  resi.stance  of  100 
ohms  or  less  and  a  back  resistance 
of  about  400,000  ohms. 

Speech  Wave  Modification: 

In  tests  conducted  to  determine 
the  effects  of  harmonic  distortion 
on  the  intelligibility  of  speech,  it 
has  been  established  that  the  low- 
frequency  vowels  contain  the  major 
portion  of  speech  power,  yet  contri¬ 
bute  very  little  to  intelligibility. 
The  higher  fre<iuency  consonants 
carry  little  power  but  are  the  prin¬ 
ciple  means  of  conveying  intelli¬ 
gence.  If  the  maximum  of  the 
intelligence  in  speech  is  to  be  trans¬ 
mitted,  some  means  must  be  pro¬ 
vided  to  rai.se  the  energy  level  of 
the  consonants  to  a  value  compar¬ 
able  to  or  preferably  above  that  of 
the  vowels.  This  may  be  accom¬ 
plished  by  filtering  or,  more  simply, 
by  applying  the  speech  wave  to  a 
R-C  or  R-L  differentiating  network. 

By  differentiating  the  speech 
wave,  the  energy  di.stribution  is 
changed  .so  the  energy  in  any  one 
component  is  proportional  to  the 
.square  of  the  frequency;  the  energy 
of  the  consonants  is  thus  increased. 

Speech  Energy 

The  energy  di.stribution  curves 
for  normal  conversational  speech 
and  differentiated  speech  are  shown 
in  Fig.  2.  The  differentiated  curve 
shows  the  degree  to  which  the  en¬ 
ergy  in  the  frequency  components 
above  and  below  1,000  cps  is  ac- 
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FIG.  2 — Envrqy  dittrlbullon  curvM  ior 
normal  and  diilorontiatod  ipooch 


centuated  or  3uppres.sed  relative  to 
the  1,000-cps  component. 

It  is  seen  that  the  energy  distri¬ 
bution  in  the  pass  band  of  .300  to 
3,000  cps  is  considerably  more  uni¬ 
form  for  differentiated  speech  than 
for  normal  speech.  Whereas  the 
higher  frequency  components  are 
increased  in  energy,  those  at  the 
lower  frequencies  are  attenuated. 
The  latter  is  of  particular  im¬ 
portance  in  systems  involving 
speech  clipping.  Because  of  the  re- 
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FIG.  3 — Warelormi  thowinq  deqro*  oi 
clippinq  roquirod  ior  pur*  1.000-cpt  tin* 
wav*  (aboTo)  to  limit  output  Tariations 
to  approxlmatoly  1  db.  War*  bolow  i* 
cllppod  S.S  db 


duced  level  of  the  low-frequency 
components,  they  are  clipped  to  a 
le.s.ser  degree  resulting  in  a  reduc¬ 
tion  in  amplitude  of  the  harmonics 
that  fall  in  the  pass  band. 

From  the  foregoing,  it  can  be 
.seen  that  speech  differentiation,  as 
used  in  combination  with  the  de¬ 
scribed  speech  amplitude  control, 
provides  an  effective  method  of 
sjteech  transmi.ssion.  In  addition  to 
providing  high  modulation  ca¬ 
pability,  a  maximum  of  the  speech 
intelligence  is  transmitted  with  a 
minimum  of  di.stortion. 

Experimental  Results 

The  undipped  .steady-state  out¬ 
put  levels  were  measured  at  two  dif¬ 
ferent  input  levels  and  at  300  and 
3,000  cps.  For  38  db  input  ampli¬ 
tude,  the  difference  in  output  levels 
was  only  about  1.5  db  at  both  fre¬ 
quencies. 


With  peak  clipping,  noi.se  peaks 
and  rapid  input  variations  in  the 
order  of  37  db  are  reduced  at  the 
output  to  approximately  1  db.  As 
the  frequency  response  of  the  am¬ 
plitude  control  unit  is  flat  in  the 
pass  band  of  300  to  3,000  cps,  the 
output  variation  to  be  expected  for 
any  frequency  within  the  pass  band 
is  less  than  0.1  volt  for  a  2-volt  out¬ 
put. 

While  only  the  speech  pass-band 
has  been  considered  here,  measure¬ 
ments  have  shown  the  device  to  be 
useful  at  frequencies  up  to  250  kc. 
The  waveform  in  Fig.  3  show  the 
degree  of  clipping  required  to  limit 
normal  output  variations  to  about 
1  db.  The  sine  wave  resulting  from 
an  input  level  approximately  .35  db 
above  the  amplitude  control  thres¬ 
hold  (0.1  volt)  is  clipped  less  than 
6  db.  Rapid  changes  in  input  level, 
or  noise  peaks  requiring  more  than 
this  amount  of  clipping,  are  usually 
of  short  duration  and  therefore  the 
distortion  introduced  by  such  clip¬ 
ping  is  small. 

Intelligibility 

Extensive  tests  to  determine  the 
degree  to  which  voice  peaks  can 
be  di.storted  without  adversely  af¬ 
fecting  intelligibility  show  that  6 
db  of  peak  clipping  is  barely  notice¬ 
able,  12  db  is  not  objectionable,  and 
24  db  of  clipping  can  be  tolerated. 
These  te.sts  indicate  that  the  des¬ 
cribed  method  of  amplitude  control, 
normally  requiring  less  than  6  db  of 
peak  clipping,  should  have  little  ef¬ 
fect  upon  speech  intelligibility.  That 
this  is  the  case  has  been  verified  by 
numerous  listening  tests. 

The  effectiveness  of  differenti¬ 
ated.  compressed,  lightly  clipped 
speech  in  the  presence  of  noise  has 
been  demonstrated  in  laboratory 
testa.  The.se  teats  have  shown  that 
the  effect  of  noise  upon  intelligi¬ 
bility  under  conditions  of  a  —  6  db 
signal-to-noise  ratio  is  negligible. 

Recent  field  tests  with  portable 
f-m  transceivers  show  that  a 
marked  increase  in  received  audio 
output  power  is  obtained  when  the 
transmitter  is  equipped  with  the 
amplitude  control  unit.  On  the  basis 
of  listener  reports,  the  improve¬ 
ment  in  audio  recovery  resulting 
from  full  frequency  deviation  of  the 
transmitter  appears  to  be  greater 
than  3  db. 
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Standard  relay-rack  construction  is  used,  with  3V!i-in.  front  panel  Connections  to  rear  oi  chassis  Include  remote  power  control  (leil) 


Alarm  System  Uses 

Two  neon  oscillators,  alternately  keyed  at  2  e|>s  in  }:ale«l  ain|ilifier.  provitle 
locally  generated  warble  alarm  in  (lonelratl  or  carrier-ofT  warning  system. 
Modulation  of  monitoretl  signal  is  audible  only  in  case  of  alert  or  prolonged 
carrier  interruption.  System  is  control  let!  by  avc  voltage  of  1  ..S  v  or  umre  from 
any  receiver.  Power  to  external  circuits  may  be  removetl  automatit  ally  when 
receiver  avc  voltage  is  off  more  tban  ten  secomls 


By  RONALD  L.  IVES  Palo  Alto.  California 


The  radio  operator  at  the  time 
of  a  Conelrad  alert  is  neces¬ 
sarily  a  busy  person,  and  the  alarm 
system  should  avoid  addinj?  to  his 
burden.  The  complete  alarm  should 
therefore  have  all  of  the  following 
features : 

(1)  Warn  operator  of  Conelrad 
alert, 

(2)  Shut  off  controlled  carrier 
promptly  on  alert,  or  on  extended 
failure  of  key-station  carrier,  but 
not  on  momentary  carrier  interrup¬ 
tions, 

(3)  Indicate  plainly  what  is  taking 
place, 

(4)  Fail  safe. 

To  perform  these  functions  cer¬ 
tain  standarized  signals  are  emitted 
from  the  key  station.  Those  detect¬ 
able  at  the  receiver  are  shown  in 
Fig.  1.  A  one-chassis  assemblage 
to  perform  all  desired  functions 
with  optimum  fail-safe  provisions. 


can  be  constructed  using  standard 
components,  and  will  operate  de¬ 
pendably  on  an  avc  voltage  of  as 
little  as  1..5  v. 

The  warning  device  turns  on  an 
audio  sy.stem  if  the  avc  of  the  mon¬ 
itor  receiver  fails  for  more  than 
0.5  sec,  and  turns  the  alarm  off  but 
not  the  audio  when  avc  resumes. 
Power  controlled  by  the  system  is 
shut  off  on  receipt  of  a  sustained 
1,000-cps  note  or  loss  of  avc  for 
more  than  10  .sec.  These  functions 
are  detailed  in  Fig.  2.  The  arrange¬ 
ment  enables  the  operator  to  hear 
all  Conelrad  and  similar  announce¬ 
ments  subsequent  to  a  carrier  shut¬ 
off  while  relieving  him  of  the  neces¬ 
sity  of  monitoring  key-station  pro¬ 
gram  continuou.sly. 

Test  and  reset  controls  are  pro¬ 
vided  on  the  panel,  as  are  pilot 
lights  indicating  Iwth  normal  and 
abnormal  operation.  Failure  of 


most  critical  components  will  shut 
off  the  controlled  jxiwer.  A  block 
diagram  of  the  complete  .system  is 
shown  in  Fig.  3. 

AVC  Control 

Referring  to  Fig.  4,  control  of 
this  system  is  by  the  avc  output  of 
almost  any  receiver.  Required  volt¬ 
age  excursion  from  no-signal  to 
full-signal  can  be  anything  above 
1.5  V  and  the  no-signal  voltage  need 
not  be  exactly  zero.  Close-differ¬ 
ential  operation  of  the  alarm  is 
avoided  by  using  amplified  avc 
through  control-tube  V„,,,  which  is 
cut  off  by  normal  avc  voltage  but 
draws  plate  current  when  avc  fails. 

This  plate  current  bia.ses  off  oscil¬ 
lator  V„,  with  no  avc  but  permits 
o.scillation  when  avc  is  normal.  The 
o.scillator  output  is  amplified  by  con¬ 
ventional  triode  V^,B,  and  its  output 
in  turn  is  rectified  by  dual  ger- 
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manium  diodes.  The  rectified  out¬ 
put  is  reifulated  by  the  NE-51 
which  also  functions  as  a  panel 
piltd.  The  amplified  avc  output  is 
nominally  —55  volts  whenever  the 
avc  input  is  above  a  predetermined 
value  such  as  —1.5  v.  A  tap  on  the 
output  voltaKe  divider  of  the  avc 
amplifier  provides  — 5-v  bias  for 
the  1,000-cps  amplifier. 

A  TKST  pushbutton  disconnects 
the  avc  amplifier  from  the  receiver 
and  applies  -|-8  v  to  the  amplifier 
input.  The  cathode  voltaKC  of 
and  plate  voltajre  of  V,  and  1',,,,  is 
rejrulated  at  +108  v  by  V’,,,  which 
also  supplies  rejrulated  voltage  to 
the  a-f  control  tube.  The  frequency 
of  oscillator  V„,  is  not  critical  in 
this  application,  althoutrh  its  har¬ 
monics  may  interfere  with  other 
devices  in  the  vicinity.  As  the  avc 
amplifier  will  perform  at  any  fre- 
([uency  from  0.5  to  500  kc,  retun- 
injr  to  prevent  interference  pre.sents 
no  problem. 

Time  Delay 

The  input  resistor  and  capacitor 
of  the  avc  amplifier,  plus  the  0.1 -^f 
filter  capacitor  in  the  rectified  out¬ 
put  of  V’„,  produce  a  delay  of  about 
0.5  sec  between  failure  of  receiver 
avc  output  and  failure  of  amplified 
avc  output.  This  makes  any  con¬ 
trolled  device  immune  to  short¬ 
term  interruptions  of  the  carrier 
as  received,  whether  they  are 
cau.sed  at  the  transmitter,  or  by 
switching  transients  or  other  power 


vagaries  that  are  of  local  origin. 

The  output  of  the  avc  amplifier 
is  fed  to  a-f  control  tube!’-,  alarm- 
control  tube  and  half  of  power- 
control  tube  r„,  through  1-megohm 
i.solating  resistors.  The  audio  .sys¬ 
tem  will  operate  from  the  detector 
output  preceding  the  volume  control 
of  any  standard  receiver  and  pro¬ 
vide  enough  output  to  override 
room  noises  up  to  about  100  dbm. 
The  audio  is  silent  under  normal 
conditions,  but  turns  on  and  stays 
on  until  reset  whenever  the  avc 
output  of  the  receiver  fails  for  more 
than  0.5  sec.  The  main  audio  am¬ 
plifier  is  conventional  and  capable 
of  10  w  output.  Volume  control  is 
provided  for  setting  level. 

A  branch  takeoff  is  provided  at 
the  plate  of  V,,  to  feed  the  1,000- 
cps  amplifier.  A  .secondary  input 
for  the  alarm  signals  from  V.,  ap- 


FIG.  3  -Functional  diagram  oi  complete 
alarm  lyitem  and  control  circuits 


pears  at  the  grid  of  phase  inverter 
No  volume  control  is  provided 
for  the  alarm  signals,  which  should 
be  audible  as  far  from  the  speaker 
as  possible  under  all  conditions. 
Tested  range  of  audibility  is  about 
1,000  feet  under  business-district 
conditions  of  ambient  noi.se  and 
more  than  250  feet  under  airport 
conditions. 

Audio  Control 

Control  of  the  audio  system  is  by 
thyratron  and  its  associated  re¬ 
lay.  Under  normal  conditions  the 
avc  amplifier  provides  more  than 
adetptate  hold-off  voltage  for  the 
tube.  Failure  of  the  avc  allows  the 
tube  to  fire,  closing  the  relay  con¬ 
tacts  and  completing  the  ground 
return  of  the  entire  audio  .system. 
Resumption  of  avc  output  there¬ 
after  has  no  effect  on  this  circuit, 
which  must  be  manually  reset  be¬ 
fore  it  can  be  silenced. 

Panel  indication  of  alarm  opera¬ 
tion  is  provided  by  a  neon  bulb 
connected  between  the  audio  system 
plate  supply  and  return.  When  the 
system  is  inoperative  voltage  across 
this  bulb  is  zero.  As  soon  as  the 
system  becomes  operative,  voltage 
across  the  bulb  and  resistor  is 
about  200  v,  giving  visual  indica¬ 
tion  of  the  condition. 

To  guard  against  the  effects  of 
tube  aging,  the  screen  of  the  thyra¬ 
tron  is  bia.sed  at  +8  v.  This  insures 
firing  even  when  the  tube  has  op¬ 
erated  cut  off  for  extended  periods 
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FIG.  4 — Schematic  oi  signal-eelectiye  Conelrad  alarm.  Fail-tale  proritiont  are  maximiied  when  all  tubes  are  pre-aqed  in  non- 


or  has  aged  nearly  to  the  replace¬ 
ment  point.  The  relay  is  essential 
because  the  series  thyratron  intro¬ 
duces  a  roar  into  the  audio  system 
and  tends  to  sputter  and  cut  off 
when  strong  a-f  sij^nals  are  re¬ 
ceived.  Capacitive  filters  adetjuate 
to  eliminate  this  also  cause  strong 
R-C  o.scillation  in  the  control-tube 
circuit. 

Alarm  Signal 

The  audible  alarm  must  not  be 
confused  with  anything  else  in  the 
environment.  Steady  tones  are 
therefore  ruled  out  in  most  in¬ 
stances,  as  there  are  too  many  of 
them  already  present  in  industrial 
areas.  Intermittent  beeps  are  bet¬ 
ter,  but  resemble  too  closely  the 
fire-alarm  signals  in  many  rural 
areas  as  well  as  a  number  of  aero¬ 
nautical  stall  alarms.  The  simplest 
alarm  seems  to  be  a  two-tone 
warble,  and  the  hearing  response 
of  most  of  the  population  indicates 
that  both  tones  should  be  below 
1,000  cps.  A  number  of  experi¬ 
ments  indicate  that  the  two  tones 
will  be  a  more  effective  alarm  if 
their  frequencies  do  not  have  a 
common  factor. 

The  alarm  signal  generator  con¬ 
sists  of  multivibrator  operating 
at  about  2  cps,  controlling  gated 


audio  amplifier  V«  which  in  turn 
feeds  a  straight  audio  amplifier  V.». 
Signals  are  generated  by  two  neon 
oscillators  tuned  to  around  400  and 
600  cps  but  having  no  common  fac¬ 
tor.  They  are  capacitively  coupled 
to  the  gated  amplifier  so  that  the 
tones  are  alternately  fed  into  V., 
and  thence  into  the  audio  power 
stage.  This  generator  is  controlled 
by  the  amplified  avc  through 
ground-return  gate  T,:,.  Whenever 
the  avc  from  the  receiver  fails,  and 
only  then,  the  alarm  is  operative. 
When  the  avc  voltage  is  re.stored 
the  alarm  stops,  but  the  thyratron- 
controlled  main  audio  system  re¬ 
mains  in  operation  so  that  an¬ 
nouncements  can  be  heard. 

The  multivibrator  has  plate-to- 
plate  and  cathode-to-cathode  capaci- 


Careiul  layout  permiu  chatiii  lixe  oi  10 
by  17  by  2  in.  with  rocessed  ipeaker 


tors  in  addition  to  those  usually 
present.  These  make  minor  changes 
in  the  switching  rate  of  the  multi¬ 
vibrator  but  also  markedly  reduce 
thumps  in  the  output  of  the  gated 
amplifier.  Other  combinations  of 
C,  R  and  L  will  perform  the  .same 
process,  but  usually  at  considerably 
higher  cost. 

1,000-cps  Amplifier 

To  use  the  sustained  1,000-cps 
tone  which  is  in  integral  part  of 
the  Conelrad  alarm  signal  .se<|uence, 
a  selective  amplifier  is  employed. 
This  consi.sts  of  series  amplifier 
the  upper  grid  of  which  is  the  sig¬ 
nal  input,  and  the  lower  grid  the 
feedback  input.  Feedback  is  nega¬ 
tive  for  all  frequencies  except  the 
fundamental  of  the  twin-T  network, 
and  zero  at  that  frequency.  A  cath¬ 
ode  follower,  V,,,  fed  from  the  plate 
of  V.,  reduces  circuit  loading.  The 
other  half  of  twin  triode  V',  is  part 
of  the  full-wave  output  rectifier 
along  with  V,„,.  The  other  half  of 
V,„  is  the  avc  amplifier  control  tube. 

With  a  0..5-V  tone  input  to  the 
main  audio  system,  output  of  the 
tuned  amplifier  after  rectification  is 
+  25  V  when  the  input  frequency  is 
from  9.50  to  1,050  cps,  +1  v  at  900 
and  1,100  cps,  and  negligible  at  all 
other  frequencies.  Bias  for  this 
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critical  aertric*  200  hours,  then  Installed  she  months  only  and  Unally  replaced  by  another  similar  batch 


frequency-selective  amplifier  is  pro- 
vidt*d  by  a  tap  on  the  avc  amplifier 
bleeder.  In  consequence  the  selec¬ 
tive  amplifier  is  out  of  ojwration 
when  the  key  station  carrier  is  off 
due  to  saturation  of  triode  V.,.  The 
.system  is  therefore  immune  to 
backjrroiind  heterodynes  and  other 
extraneous  tones.  Voltatre  output 
of  this  amplifier  is  nearly  constant 
through  a  wide  ran^e  of  inputs,  so 
the  siirnal  produced  by  the  1,000- 
cps  tone  is  substantially  immune  to 
fading  and  similar  troubles. 

Control  of  External  Circuits 

F’ower  control  is  accomplished  by 
two  tubes.  In  the  first  a  relay  is 
held  closed  by  the  cathode  current 
of  dual  triode  V\.,  whose  two  halves 
are  paralleled  and  whose  jrrids  are 
normally  held  positive.  One  .set  of 
relay  contacts  is  in  series  with  the 
plate  supply,  .so  if  the  circuit  is 
broken  power  will  not  be  restored 
until  the  control  is  manually  reset. 
Release  of  the  relay  armature 
switches  on  a  front-panel  fiashinK 
neon  indicator,  jrivinK  clear  indica¬ 
tion  that  external  power  is  off. 

The  ijrid  of  this  tube  is  connected 
to  the  plates  of  control  tube  V',„ 
both  halves  of  which  are  normally 
cut  off.  Any  sustained  positive  d-c 
output  from  the  1.000-cps  amplifier 


cau.ses  V,,,  to  draw  plate  current, 
dischai'Kin);  the  8-pf  plate  capacitor 
and  drawinjr  down  the  jrrid  voltaKe 
to  cut  off  I’l-  in  about  sec.  This 
time  can  be  altered  Viy  chanffint;  the 


w  “  m  »  ••  •» 


Cabling  U  used  for  power  lead*  while 
■Ignal  wiring  connects  point-to-point 


capacitance  from  cathode  to  j?round 
of  V... 

Continued  failure  of  the  avc  like¬ 
wise  shuts  off  the  power  control 
circuit  through  a  time-delay  system. 
When  the  irrid  of  V,,,  falls  to 
Kround  potential  the  tube  draws 
plate  current,  immediately  lowering 
its  plate  volta)re  and  slowly  dis- 
charfrinjr  the  S-^if  plate  capacitor  of 
V,,»  through  the  1-mefrohm  variable 
resistor.  After  a  definite  time  lapse 
(here  set  at  10  sec)  the  irrid  voltage 


of  V,,  is  reduced  to  cutoff  value,  the 
cathode  relay  drops  out,  and  ex¬ 
ternal  power  circuits  are  opened. 
As  all  of  these  circuits  will  operate 
with  relatively  great  voltage  differ¬ 
entials,  minor  shifts  in  tube  .sensi¬ 
tivities  have  tittle  effect. 

The  power  supply  is  conventional 
as  to  plate  voltage,  but  the  filament 
supply  is  dual.  The  high-filament 
circuit  is  connected  through  its 
center  tap  to  the  return  of  the  audio 
system  .so  that  heater  voltage  is 
always  within  safe  limits.  The  low- 
filament  circuit  is  bia.sed  at  about 
-f80  V  with  respect  to  ground  for 
the  same  rea.son. 

Failure  of  any  tube  filament  will 
immediately  light  one  of  the  two 
filament-alarm  lights  on  the  main 
panel  and  also  the  interior  light  ad¬ 
jacent  to  the  failed  tube.  Failures 
of  main  power-control  tube  1’,-.  or 
of  main  avc  amplifier  tube  will 
immediately  shut  off  the  controlled 
power,  as  will  a  power-supply  fail¬ 
ure.  Other  failures  will  be  apparent 
through  routine  te.st  procedures. 

Operating  experience  with  this 
alarm  shows  that  its  re.sponse  to 
both  Conelrad  test  broadcasts  and 
continued  power  failures  from  both 
local  and  remote  key  stations  meets 
all  of  the  specifications  outlined  at 
the  beginning  of  this  article. 
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Photoelectric  fwiction  generator  provides  smooth  reproduction  of  «*oniplex 
curve  slopes  up  to  90  degrees,  with  slopes  greater  than  90  <legrees  simulating 
switching  with  hlacklash.  Distortion  generated  hy  nonlinearity  of  crt  sweep 
and  spot-to-phototuhe  distance  is  correcte<l  on  an  aluminum  loft  layout 


Hy  KOHERT  W.  M AEOY 

Analog  Computer  Section.  Coiivair-AstrotiautW-s  Division  of  Ceneral  Dynanilc.s  <.V>rp  .  .San  DieKo.  California 


PHOTOFORMERS  are  function 
generators  used  with  analog 
computers  to  simulate  problems 
containing  a  variable  which  is  an 
arbitrary  function  of  another  vari¬ 
able.  Examples  of  problems  simu¬ 
lated  include  transition  from  lami¬ 
nar  to  turbulent  flow  and  drag 
versus  air  speed  while  crossing  the 
sound  barrier. 

To  use  the  photoformer  a  curve 
of  the  desired  function  mu.st  Jtie 
drawn  on  graph  paper  and  the  area 
above  the  curve  must  be  rendered 
opaque.  The  graph  is  then  photo¬ 
graphed  and  developed  to  provide 
an  image  that  is  opaque  below  the 
curve  and  transparent  above.  This 
enables  the  phototube  to  distin¬ 
guish  between  a  positive  and  nega¬ 
tive  error. 

When  the  area  below  the  curve 
of  the  developed  plate  is  opaque 
the  phototube  senses  spot-position 
error  by  failure  of  the  light  from 
the  crt  to  pass  through  the  opaque 
area,  or  by  overabundance  of  light 
with  the  spot  in  the  transparent 
area.  Photographing  and  develop¬ 
ing  the.se  plates  for  use  in  the 
photoformer  also  offers  opportun¬ 
ity  for  recheck  at  a  later  date. 

When  used  in  the  photoformer, 
the  plate  is  placed  between  a  crt 
and  a  phototube.  A  voltage  is  im¬ 
pressed  on  the  horizontal  plates  of 
the  crt  to  position  the  spot  on  the 
graph.  The  phototube,  vertical  am¬ 
plifier  and  deflection  plates,  shown 
in  Fig.  1,  are  connected  in  a  closed 
loop  and  drive  the  spot  up  until  the 
phototube  is  able  to  .see  approxi¬ 
mately  half  of  the  spot.  The  out- 


FIG.  1— Block  diaqram  oi  pholoionnor  crt 
deilection  lytlam.  Ph.?loplate,  containing 
image  oi  wavethape,  it  placed  between 
phototube  and  crt.  Closed  loop  deilection 
system  enables  phototube  to  sense  crt 
spot-position  error.  Spot  is  then  driven  to 
the  point  on  plate  where  phototube  sees  it 

put  voltage  is  taken  from  the  verti¬ 
cal  amplifier  and  fed  to  computer. 

Design  Consideration 

Measurement  of  crt  linearity  and 
spot-to-phototube  distance  effects 
can  be  made  with  a  precision- 
notched  aluminum  plate.  Output 
voltage  can  be  measured  at  the 
various  .steps  with  a  precision  po¬ 
tentiometer.  A  number  of  hori¬ 
zontal  sweeps  are  made  using  an 
aluminum  graph  .set  at  various 
heights  to  give  the  variation  in 
output  for  different  inputs. 

The  results  of  these  tests  indi¬ 
cate  the  existence  of  an  error  curve 
composed  of  two  major  compo¬ 
nents,  the  greater  being  approxi¬ 
mately  proportional  to  V  and  di¬ 
rected  toward  Y  equal  to  zero,  pri¬ 
marily  as  a  result  of  deflection  non¬ 
linearity;  the  les.ser  being  approxi¬ 


mately  proportional  to  ( A’  ^  V')*’ 
and  directeil  upward  as  a  result  of 
variation  in  spot-to-phototube  dis¬ 
tance  with  variation  in  spot  posi¬ 
tion. 

Although  the  Y  equals  zero  line 
can  be  made  to  show  unmeasure- 
able  di.stortion  by  offsetting  the 
phototube  or  the  photographic 
plate  from  the- scope  axis,  the  ad¬ 
vantage  is  outweighed  by  increa.sed 
distortion  at  the  edge  of  the  graph. 
Inaccuracies  as  high  as  1,200  mv 
exi.st  as  a  result  of  this  nonlinear¬ 
ity. 

To  correct  this,  instead  of  using 
the  customary  10  in.  by  10  in. 
.square  of  graph  paper,  a  master 
set  of  coordinates  is  layed  out  on 
a  20  in.  by  20  in.  aluminum  loft 
layout  with  di.stortion  built  in  to 
correct  for  these  defects.  Tracing 
paper  is  placed  over  these  coordi¬ 
nates  when  drawing  a  graph  for  re- 


FIG.  2 — Frequancy  reaponaa.  phaaa  arrov 
and  gain  arror  curvet  oi  pholoiormer. 
Rasponte  is  Hal  lo  about  300  cps 
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Slide  chamber,  which  holds  pholoplate,  is  at  leit.  Cathode  ray 
tube  is  at  riqht.  Photoplate  is  easily  accessible 


Ooeratinq  the  calibration  panel  oi  the  photoiormer.  In  addition  to 
the  panel,  equipment  consists  oi  ompliiier-power  supply  chassis 
ccntaininq  crt  and  slide  chamber 


Consequently,  a  certain  amount  of 
drift  in  one  direction  or  the  other, 
dependent  on  the  portion  of  the 
spot  that  is  oritfinally  set  to  peek 
over  the  edjre  of  the  j?raph,  will 
cause  the  system  to  lose  control  and 
come  to  rest  at  either  the  upper  or 
lower  output  limit. 

With  this  unit  it  is  cu.stomary 
for  at  least  5  of  the  6  channels  to 
operate  continually  for  24  hours 
without  losing  position  on  the 
graph.  Also,  the  door  may  be 
opened  and  shut  and  the  spot  can 
be  expected  to  return  to  its  proper 
position.  A  diode  network,  .sensi¬ 
tive  relay  and  neon  light  are  pro¬ 
vided  to  warn  the  operator  in  case 
the  spot  does  leave  its  position  on 
the  graph.  External  connections 
for  thfis  warning  are  provided  as 
additional  indication  at  the  main 
console. 

Noise  was  found  to  be  about  50 
mv  rms  without  phototube  selec¬ 
tion.  Since  the  sum  of  the  Y  and 
—  Y  amplifier  outputs  cause  the 
spot  to  remain  on  the  graph,  re¬ 
duction  of  —  Y  amplifier  output  of 
noise  frequencies  causes  an  in¬ 
crease  in  output  noise.  Con.se- 
quently,  a  lead  network  is  used  in 
the  —  Y  amplifier  in  contrast  to  the 
lag  network  in  the  Y  amplifier. 

Chassis  layout  is  based  on  sev- 


Fig.  2,  is  within  1  percent  at  300 
cps.  To  have  a  fiat  frequency  re¬ 
sponse  it  is  neces.sary  for  the  gain 
of  the  system  feeding  the  crt 
plates  to  be  constant  for  all  fre¬ 
quencies  of  interest.  To  accomplish 
thi.s,  capacitors  are  provided  across 
input  and  feedback  resi.stors  in  the 
—  Y  amplifier  to  counterbalance 
the  reactances  of  the  .scope  plate 
and  Y  gain  control. 

Common  with  analog  computing 
equipment,  the  frequency  respon.se 
values  are  only  valid  if  the  ampli¬ 
tude-frequency  product  is  low 
enough  to  stay  within  the  ri.se-rate 
limitation  of  the  .system.  In  this 
ca.se  it  is  possible  to  have  a  200-v 
peak-to-peak  swing  at  300  cps. 

Drift  of  the  unit  mu.st  properly 
be  divided  into  two  parts  since  the 
total  drift  will  be  the  curve  slope 
times  the  drift  of  the  input  .section 
plus  the  drift  of  the  output  section. 
Drift  in  the  output  .section  is  de¬ 
pendent  on  spot  size,  variation  in 
spot  intensity,  and  phototube 
.sensitivity.  The  Y  amplifier  and 
phototube  drift  is  within  150  mv 
per  hour  and  drift  of  the  X  ampli¬ 
fier  is  within  15  mv  per  hour. 

Stability  is  a  problem  with 
photoformers  becau.se  the  feedback 
loop  is  only  closed  when  the  spot 
is  partially  hidden  by  the  graph. 


prmluction.  Since  loft  layouts  are 
readily  capable  of  accuracies  of 
0.005  in.  the.se  errors  can  be  re¬ 
duced  to  an  equivalent  50  mv.  Also 
it  is  impractical  to  draw  the  graph 
to  greater  accuracy  than  ««  in. 
With  20  in.  equal  to  200  volts,  thi.s 
repre.sents  an  error  of  ±  156  mv. 

In  discussing  the  inaccuracies  of 
the  sy.stem  the  light  output  of  the 
crt  must  also  be  considered.  Be- 
cau.se  of  the  lack  of  phosphor 
homogeneity,  light  output  of  the  crt 
varies  with  spot  position  to  give 
about  300  cps  of  10  percent  varia¬ 
tion  per  sweep.  Since  about  one 
half  of  a  .3-v  diameter  spot  is  ex¬ 
posed,  this  repre.sents  about  an 
equivalent  :±:75-mv  error.  Thus, 
the  total  .sy.stem  error  is  .3.30  mv. 
Thi.s  is  favorable  when  compared 
with  the  errors  that  occur  as  a 
result  of  straight-line  approxima¬ 
tions  in  other  types  of  function 
generators. 

Frequency  response  is  limited 
by  the  decay  characteristics  of  the 
crt  phosphor.  Unfortunately,  the 
decay  rate  is  considerably  slower 
for  the  low-spot  brilliance  u.sed  in 
photoformers  than  for  the  higher 
intensity  u.sed  by  tube  manufac¬ 
turers  in  plotting  their  curves.  By 
using  a  crt  with  a  P-15  phosphor, 
frequency  respon.se,  as  shown  in 
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eral  different  requirements.  It 
must  be  convenient  to  use,  easy  to 
service,  and  must  have  sufficient 
crt-to-phototube  distance  to  make 
the  spot-to-phototube  distance 
nearly  constant.  Nine  inches  was 
chosen  somew'hat  arbitrarily  as  a 
suitable  compromise.  Also,  close 
proximity  of  the  phototube  to  its 
amplifier  is  required  to  reduce  the 
line  capacity  to  achieve  the  best 
possible  frequency  response. 

The  K1112P15  crt  was  chosen 
because  it  w’as  designed  for  photo¬ 
former  use.  The  P15  phosphor  has 
the  highest  speed  that  the  manu¬ 
facturer  recommends  for  the  pur¬ 
pose.  It  is  installed  directly  behind 
the  door,  supporting  the  photo¬ 
graphic  plate,  so  that  it  can  be  con¬ 
veniently  removed.  The  phototube, 
a  type  6291,  is  mounted  to  the 
right  of  the  door  for  the  same  rea¬ 
son.  This  type  of  phototube  was 
chosen  because  smaller  tubes  have 
insufficient  gain,  and  larger  tubes 
enhance  the  spot. 

Phototube  voltage  divider  re¬ 
sistors,  wirewound  for  stability, 
are  mounted  directly  outside  the 
phototube  compartment  on  a  piece 
of  micarta  that  is  used  as  a  side  of 
the  compartment.  Resi.stors  mount 
on  screws  that  also  serve  as  feed¬ 
through  terminals.  A  Plexiglas 
cover  over  the  resistors  protects 


FIG.  4 — Precision  potentiometer  circuit 
proTides  various  input  voltaqes  into 
photoiormer  for  caiibrotion  purposes 


maintenance  personnel  again.st 
shock. 

The  door  has  a  permanently-at¬ 
tached  photographic  plate  holder 
mounted  about  4  in.  from  the  front. 
A  mirror  is  placed  between  the 
door  front  and  the  plate  holder  to 
reflect  the  light  sideways  from  the 
crt  to  the  phototube.  The  door  al.so 
supports  the  graph-tilt  control  and 
is  three-shoulder  con.structed  to 
prevent  entrance  of  light. 

The  X  and  Y  amplifiers  are 
mounted  on  a  .separate  cha.ssis  that 
plugs  into  a  receptacle  adjacent  to 
the  phototube.  Spare  amplifier 
chassis  are  provided  to  reduce  lo.st- 
operating-time  cost.  To  further  re¬ 
duce  maintenance  costs,  photo¬ 
former  chassis,  power  supply  and 
control  chassis  were  made  plug-in 
units. 

Possible  variations  in  crt  beam 
current,  which  might  adversely 


affect  the  stability  of  the  .sy.stem, 
are  eliminated  by  a  4-megohm  re- 
si.stor  placed  in  .series  with  the  crt 
cathode.  See  Fig.  It.  A  neon  tube 
was  connected  from  the  heater  to 
the  cathode  to  avoid  po.ssibility  of 
this  voltage  exceeding  the  manu¬ 
facturer’s  rating.  Although  u.se  of 
such  a  large  cathode  resistor  may 
appear  objectionable,  each  of  the 
12  tubes  have  operated  for  an  aver¬ 
age  of  over  5,000  hours  in  this  cir¬ 
cuit  with  only  one  failure. 

Filament  transformers  were 
mounted  on  the  photoformer  chassis 
to  avoid  the  need  for  connectors 
with  extra  high-voltage  terminals 
and  to  reduce  line  loss.  Input  to 
the  Y  amplifier  is  a  cathode  fol¬ 
lower  with  the  shield  tied  to  the 
cathode  to  minimize  phototube  out¬ 
put  capacitance.  Low  capacitance 
is  neces.sary  for  bandwidth  due  to 
the  u.se  of  a  1 -megohm  phototube 
load  resistor,  which  was  used  to 
achieve  high  output  with  low  spot 
intensity.  Low  spot  intensity  is 
necessary  to  avoid  burning  the 
phosphor  since  the  spot  may  rest 
in  the  .same  position  for  hours. 

Amplifier  Gain 

Although  the  gain  of  the  Y  am¬ 
plifier  alone  is  in  the  order  of  250, 
this  must  be  multiplied  by  the  spot- 
to-phototube  gain  to  get  the  hstp 
gain.  The  effective  spot  diameter 
is  3  V  and  the  voltage  generated  by 
the  phototube  in  moving  the  spot 
from  the  dark  to  fully  in  view  is 
15  V.  Thus,  the  effective  Y  ampli¬ 
fier  gain  is  1,250.  To  produce  the 
200-v  peak-to-peak  re<iuired  output, 
the  spot  shifts  from  44  p«*rcent  in 
view  to  56  percent. 

Since  the  cl<».sed  loop  gain  mu.st 
l>e  .set  up  for  each  graph  and  re¬ 
checked  daily  and  the  spot  shift  is 
not  sufficient  to  effect  stability, 
this  gain  is  entirely  adequate. 

The  calibration  panel  contains  a 
precision  potentiometer  for  setting 
input  voltages  for  calibration  to 
any  desired  value  between  0  and 

150  volts  and  a  triple  .scale  out¬ 
put  voltmeter  that  may  be  refer¬ 
enced  to  0  or  ±  100  volt.s.  The  po¬ 
tentiometer  is  a  15-turn  dual- 
tapped  unit  with  external  resistor 
network  to  provide  about  four 
times  as  much  linearity  with  load 
as  is  available  with  a  single  unit 
as  seen  in  Fig.  4. 


FIG.  3 — Schemotic  of  photoiormer  crt  deflection  eyttem.  Input  to  Y  amplifier  ie  cathode 
follower  with  cathode  ahield  provided  to  minimize  phototube  output  capacitance,  achieving 
crt  low  spot  intensity.  Effective  Y  amplifier  gain  is  about  12S0 
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First  •xpsrimental  modsi  of  the  Pcritron.  Vacuum  tank  ia  a  S-ta.  diam  30-la.  long,  seamless  brass  tube  mounted  in  an  ongle  iron 
table.  Screen  Is  slewed  through  a  consex  Pyrex  window  sealed  to  a  shoulder  turned  in  the  upper  end  of  the  tank.  Relay  rack 
contains  control  circuits 


Cathode-Ray  Tube  Adds 
Third  Dimension 

ralli(nh*-ray  screen  is  inoiinted  within  vaeiiiini  tiilie  hehind  transparent 
viewing  glohe.  Screen  is  driven  in  oscillation  toward  anti  away  from  the 
observer  along  the  Z-axis.  Electron  gun  illiiininates  screen  from  the  rear. 
Electromagnetic  pit'kup  on  moving  assemhlv  gives  output  signal  propor¬ 
tional  to  instantaneous  position  of  screen  along  Z-axis.  Beam  is  gated  on  for 
small  |)ortion  of  cycle  anti  phasing  of  gate  permits  spot  to  appear  in  any  plane 
in  Z-axis.  Ptissihle  uses  in  air-traffic  control  applications  are  discussed 

By  ARI)  I..  ^  ITIIEV  *  Physlcl-xt,  Inxtrument  K*-s**arch  Company,  Brighton,  Max.xaohusetts 


Data  can  be  pre.sented  in  true 
three  dimen.nion.s  with  an  ex¬ 
perimental  cathode-ray  tube  called 
the  I’eritron.  The  Huore.scent 
screen  of  the  tube  i.s  harmonically 
displaced  with  respect  to  an  elec¬ 
tron  {?un.  Three-dimensional 
imaKes  are  produced  by  X,  Y,  and 
Z-ifatiiiK. 

For  effective  operation,  persi.st- 
ence  of  the  .screen  phosphor  (and 
duration  of  the  lieam  Rate)  mu.st  be 
short  in  compari.son  with  the 
period  of  .screen  o.scillation.  Also, 


the  .screen  must  oscillate  at  a  fre¬ 
quency  equal  to  or  jrreater  than  the 
dicker  fusion  frequency  of  the  eye. 
Both  of  these  conditions  are  met 
easily  in  practice. 

A  larjre  screen  can  be  driven 
throujfh  an  appreciable  amplitude 
with  comparatively  small  driving 
power  if  the  .system  is  in  a  vacuum 
since  there  is  then  no  air  load. 
Large-amplitude  oscillation  at  fre¬ 
quencies  up  to  about  cps  is  facili¬ 
tated  if  the  mass  of  the  moving 
structure  is  kept  at  a  minimum. 


Since  sound  is  not  transmitted  by 
a  vacuum,  proper  acoustic  isola¬ 
tion  of  the  drive  assembly  results 
in  essentially  silent  operation. 

The  first  experimental  model  of 
the  tube,  as  illustrated,  has  a 
screen  consisting  of  a  mica  disk 
1  mm  thick  and  18  cm  in  diam.  It 
is  coated  on  the  under  surface  with 
a  General  Electric  P-11  phosphor 
having  a  short  decay  character¬ 
istic.  Light  output  is  limited  to  es- 

•  Xow  with  Advance  Industries,  Inc., 
CaniliridKe,  Mass. 
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tier  consistinjr  of  two  12AX7  sec¬ 
tions,  V’,4  and  V’,*,  ’in  cascade. 
Pha.se-shift  control  is  provided  by 
V',4  driving  a  pha.se  bridge  made  up 
of  an  interstage  transformer,  ca¬ 
pacitor  and  potentiometer. 

Output  from  the  bridge  drives 
a  cathode  follower,  V\  Fig.  2.  Out¬ 
puts  of  V,  are  mixed  with  the  -Y- 
and  F-input  voltages  in  the  cathode 
potentiometers  of  the  input  tulies. 
Phase  and  mixing  controls  are  ad¬ 
justed  to  give  a  deflection  signal 
capable  of  balancing  out  the  de- 
flec’tion  component  due  to  .screen 
displacement. 

The  amplified  pickup  voltage  at 
the  output  of  P'ig.  A,  is  fed  to 
moving-.screen  assembly  is  fed  into  r„,  to  provide  focus  correction, 
a  pickup  amplifier.  Deflection  and  Correction  amplitude  is  .set  by  the 
focus  corrections  and  the  Z-gate  grid-circuit  gain  control.  Pha.se  is 

signal  are  derived  from  the  output  adjusted  by  the  series  capacitor 
of  this  amplifier.  Correction  sig-  and  potentiometer  shunting  the 
nals  are  mixed  with  the  X-  and  Y-  tube.  This  a-c  modulation  voltage 
input  signals  in  the  amplifiers  in  is  mixed  with  the  d-c  voltage  at  the 
the  correc’t  proportion  to  balance  first  anode  of  the  electron  gun. 
out  apparent  lateral  spot  deflec¬ 
tions  cau.sed  by  .screen  o.scillation. 

Signals  are  pha.sed  correctly  by  the  Tulies  F  r„„  and  W  comprise 
adjustable  phasing  networks.  the  Z-axis  contnd  circuit.  This  cir- 

A  third  pickup  amplifier  output 
pa.s.ses  through  a  phasing  network 

to  provide  a  modulation  voltage  for  inputs  pe^it^ 

the  first  anode.  This  voltage  main¬ 
tains  a  crinstant  spot  diameter 
throughout  the  amplitude  of  screen 
travel. 

The  fourth  pickup  amplifier  out¬ 
put  used  in  the  Z-gate  circuit  al¬ 
lows  time  selection  of  the  positive 
grid  gate  pul.se  for  the  Z-a\is.  To 
allow  .speed-control  flexibility  in  the 
experimental  model,  a  d-c  motor  is 
operated  by  an  adjustable  d-c  sup¬ 
ply  to  drive  the  o.scillating  as.sembly. 

Signal  Circuitry 

P'igures  2  and  3  show  the  .signal 
circuits.  The  X-  and  Y-input  am¬ 
plifiers,  Fig.  2,  are  identical.  They 
consi.st  of  a  triode  input  stage  driv¬ 
ing  push-pull  deflection  amplifiers. 

Current-balancing  potentiometers 
in  the  plate  circuits  provide  X  and 
Y  positioning. 

The  Z  pickup.  Fig.  3,  consists  of 
a  small  stationary  coil  surrounding 
the  screen  pushrod.  A  permanent 
magnet  mounted  in  the  pushrod 
generates  an  output  voltage  which 
relates  in  time  and  pha.se  to  the 
instantaneous  .screen  position.  The 
pickup  voltage  is  fed  to  a  preampli- 


Interior  assembly  oi  the  first  experimental  model.  Screen  drire  motor,  crank  assembly, 
electron  gun.  and  screen  are  ail  mounted  on  a  base  plate.  Entire  assembly  slides 
into  the  bottom  end  oi  the  vacuum  tank.  Motor  drives  a  brass  flywheel  which  operates 
a  crank  linkage  to  a  sliding  pushrod.  A  cross  piece  on  the  rod  connects  to  two  3^32-ia. 
aluminum  rods  which  slide  through  two  brass  guide  tubes  to  drive  the  screen.  The 
pushrod  contains  a  smell  permanent  magnet  in  a  hole  drilled  on  its  axis.  Solenoidal 
pickup  coil  surrounding  the  pushrod  and  mounted  on  the  bearing  assembly  provides 
sinusoidol  output  signal  relating  to  instantaneous  position  oi  the  screen 


sentially  the  same  duration  as  the 
beam  gate. 

Crank  linkage  was  selected  to 
give  a  total  .screen  amplitude  of 
three  cm.  For  the  18  cm  diam 
.screen,  the  XY  to  Z  deflection  ratio 
is  6:1.  .4n  electron  .spot  can  be 
placed  anywhere  within  the  total 
volume  of  730  cu  cm  swept  out  by 
the  screen  per  cycle. 

Display  Generation 

Figure  1  shows  the  es.sential  ele¬ 
ments  used  to  generate  three-di¬ 
mensional  patterns  for  the  display. 
The  X-  and  Y-input  amplifiers  drive 
the  electron-gun  deflection  plates 
conventionally.  Output  from  the 
electromagnetic  Z  pickup  on  the 


Z-Axis  Control 


NEW  MODEL 


VIEWING  GLOBE 


SCREEN 


FIG.  1 — Logic  employed  for  generating 
three-dimensional  patterns  on  display 
tube  described  in  text 
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cuit  places  a  spot  on  the  Z-axis  at 
a  Z  position  in  the  screen  cycle 
determined  by  a  d-c  Z-input  signal. 
Tulte  I’j,  impresses  the  amplified 
Z-pickup  voltage  across  a  pha.se 
bridge  ctmsisting  of  a  transformer, 
potentiometer  and  .saturable  re¬ 
actor. 

The  d-c  Z-input  signal  drives  d-c 
amplifier  !’„«  which  varies  the  re¬ 
actance.  This  action  results  in  a 
signal  of  adjustable  pha.se  at  the 
grid  of  thyratron  V’..  Flexibility 
is  provided  by  a  reversing  switch 
in  the  primary  of  the  bridge  trans¬ 
former  to  allow  a  180-deg  phase 
shift.  The  thyratron  is  wired  in 
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Improvements  include:  induction  motor 
with  stator  outside  vacuum  system;  barreU 
cam  screen-drive  for  true  harmonic  screen 
motion;  larger  screen  moving  through  a 
greater  amplitude;  glass  dome;  and  sound 
isolators 
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FIG.  2 — Diaplay  lube  and  X-  and  Y-input  ampUiier  portioni  ol  FIG.  3 — Z-input  amplifier  and  Z-axU  control  clrculte  for  the  display 
signal  circuits  used  with  three  dimensional  tubes  tube  generate  gate  to  produce  spot  on  screen  at  right  time 


an  R-C  discharire  circuit.  When  the 
tulte  fires,  the  .shunt  capacitor  di.s- 
charjres  throuffh  the  tube  to  pro¬ 
vide  a  .short,  larjre-amplitude,  po.si- 
tive  pul.se  acro.ss  the  l,0<K)-ohm 
cathode  resi.stor.  This  pulse  pa-sses 
to  the  control  jrrid  of  the  electron 
frun  and  KHtes  the  beam  on  for  sev¬ 
eral  /isec  per  c.vcle  of  .screen  travel. 
The  on  |)ortion  of  the  cycle  and  the 
.s|)ot  position  on  the  Z-axis  are 
determinetl  by  the  mafrnitiide  of 
the  Z-input  voltajre. 

Air  Traffic  Control 

One  method  of  translating  alti¬ 
tude  and  position  data  from  the 
airisirt  radar  into  a  three-dimen¬ 
sional  displa.v  is  shown  in  Fiff.  1. 
The  s.vstem  uses  a  storage  tube 
with  independent  electron  guns  for 
reading  and  writing  and  a  storage 
matrix  capable  of  maintaining  dis¬ 
crete  levels  of  charge. 

The  airport  radar  drives  the 
sweep  of  the  writing  gun.  The  alti¬ 
tude  signal  for  the  corresponding 
X-Y  target  is  placed  on  the  storage 
matrix  as  a  quantity  of  charge.  The 
storage  tube  provides  scan  (sweep) 
conversion  Iwtween  the  radar  and 
the  displa.v  tube  as  well  as  inde¬ 
pendence  <*f  time  base  between  the 
two  .systems. 

An  X-Y  sweep  generator  devel¬ 
ops  a  raster-type  .scan  to  drive  the 
reading  gun  and  the  display  tube 
in  synchronism.  The  Z-axis  sig¬ 


nals  from  the  display-tube  pickup 
and  from  the  storage  tube  are  fed 
to  an  amplitude  comparator  con¬ 
taining  appmpriate  amplifying  and 
shaping  circuits.  The  comparator 
produces  a  Z-gate  pulse.  This 
pulse  turns  on  the  display-tube 
grid  at  the  instant  of  amplitude 
identit.v  l)etween  the  stored  Z 
charge  ami  the  Z-pickoff  signal. 

The  Z-pickoff  voltage  also  drives 
the  XYZ  error  modulator,  which 
provides  the  X-Y  sweep  and  Z- 
focus  corrections.  A  portion  of  the 
voltage  is  returned  to  the  Z-drive 
circuit  providing  a  closed-loop 
feedback  .system  for  maintaining 
constant  .screen  fretpiency. 


FIG.  4 — One  method  of  translating  alti¬ 
tude  and  position  data  from  the  airport 
radar  into  a  three-dimensional  display. 
Error  signals  are  shown  in  dashed  line 


Assume  that  a  single-target  air¬ 
craft  will  lie  at  any  one  of  10  di.s- 
crete  altitudes  from  1,000  to  10,000 
ft.  Assume  next  that  the  reading 
gun  will  recognize  one  of  the  10 
corresponding  discrete  levels  of 
charge  placed  on  the  storage  tube 
by  the  altitude  signal  from  the 
radar.  Assume,  further,  that  the 
vibrating  screen  pas.ses  .sequenti¬ 
ally  through  10  discrete  positions. 
Each  of  these  positions  has  a  cor¬ 
responding  level  of  pickoff  voltage. 
For  each  position,  one  complete 
X-Y  scanning  frame  is  generated. 

Ten  frames  are  presented  to  the 
screen  as  it  passes  through  its  10 
levels  from  one  amplitude  extreme 
to  the  other,  each  half  c.vcle.  As¬ 
sume,  finally,  that  a  target  aircraft 
at  6,000  feet  causes  a  charge  of  six 
units  to  be  placed  on  the  storage 
matrix  at  a  certain  X-Y  position. 
This  Z  signal  of  six  will  be  pre¬ 
sented  to  the  comparator  10  times 
per  half  c.vcle  of  screen  travel.  Co¬ 
incidence  will  be  obtained  only 
when  the  .screen  is  at  level  six  and 
generates  a  six  on  the  pickup  out¬ 
put.  Coincidence  produces  a  grid 
gate,  placing  a  spot  on  the  screen. 

In  an  actual  system,  the  levels 
would  be  integrated  into  a  smooth, 
continuous  function.  Actual  re.solu- 
tion  on  all  axes  would  be  a  func¬ 
tion  of  the  parameters  of  the  radar 
.set,  storage  tube,  display  tube,  sys¬ 
tem  bandwidth  and  other  factors. 
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Transistor  A-C  Amplifier 

Versatility  and  reliability  are  gained  in  transistor  a-e  amplifier  using  multiple 
feedback  loop.  Shunt  and  series  loop  used  in  a  single  stage  enable  such  cir<'uit 
properties  as  voltage  and  current  gain,  input  and  output  impedance  to  be  pre¬ 
selected  and  accurately  controlled  independent  of  variable  transistor  para¬ 
meters.  Preselection  of  circuit  properties  permits  amplifier  to  be  adapted  to 
fit  a  particular  application 

By  HOWARD  LEFKOWITZ.  Electronic  EiiKineer,  U.  S.  Naval  Ordnance  I.a Moratory,  Silver  Sprinjt,  Maryland 


ONE  POSSIBLE  METHOD  used  in 
designing  reliably  staVde  tran¬ 
sistor  circuits  is  to  employ  negative 
feedback  in  each  stage.  Since  over¬ 
all  feedback  loops  around  three  or 
more  stages  present  considerable 
stability  problems,  the  use  of  nega¬ 
tive  feedback  about  each  stage 
virtually  eliminates  problems  of 
oscillation  and  substantially  reduces 
design  effort. 

In>  addition,  the  use  of  both  shunt 
and  series  feedback  loops  in  each 
stage  makes  the  amplifier  versatile 
by  enabling  the  circuit  designer  to 
preselect  several  circuit  properties, 
such  as  voltage  gain  and  input  im¬ 
pedance  or  current  gain  and  output 
impedance,  to  fit  a  particular  appli¬ 
cation.  With  a  large  amount  of 
negative  feedback  the  amplifier 
properties  may  be  made  independ¬ 
ent  of  the  active  device. 

Circuits  for  Analysis 

The  steps  in  designing  a  tran¬ 
sistor  a-c  amplifier  are:  analysis  of 
a-c  circuit  (small-signal  approxi¬ 
mation),  selection  of  operating 
point  (large-signal  considerations) 
and  analysis  of  d-c  circuit  (bias- 
point  stability). 

Shown  in  Fig.  1  is  the  circuit 
to  be  analyzed.  It  uses  both  shunt 
and  series  feedback  loops.  Also  illu.s- 
trated  is  a  possible  method  of 
obtaining  bias-point  stabilization 
through  the  use  of  both  collector- 
voltage  feedback,  Rr,  and  collector- 
current  feedback,  /?«.  For  a-c  analy¬ 


sis,  if  R,  is  not  much  greater  than 
R,,  then  the  effective  shunt  a-c  volt¬ 
age  feedback  loop  resistance  may 
be  considered  the  e<iuivalent  resist¬ 
ance  of  resistors  R,  and  R,  in 
parallel. 

Figure  2  illu.strates  the  a-c  equiv¬ 
alent  circuit  derived  from  Fig.  1 
and  is  based  on  the  assumption  that 
Rk  >>  Ri.,  Rn  >>  R„  and  resistor 
R,  <<  Rr.  Using  this  equivalent 


FIG.  1 — TranaUlor  a-c  amplUiar  utinq 
both  ihunt  and  series  feedback  loops. 
Multiple  loop  enables  circuit  properties  to 
be  preselected  ond  controlled  independeni 
of  transistor  parameters 


circuit  and  reducing  the  transistor 
and  its  associated  feedback  loops  to 
four-terminal  networks  valid  in 
small-signal  approximation,  the  cir¬ 
cuit  in  Fig.  3  may  be  obtained. 
Matrix  analysis  techniques  may  be 
used  for  reducing  the  Fig.  3  circuit 
to  one  four-terminal  network  so 
that  relations  for  the  circuit  prop¬ 
erties  may  be  found. 


Using  the  assumptions  of  a  good 
junction  transistor,  the  small-signal 
voltage  gain  may  be  derived  as  fol¬ 
lows 


fl) 

.  ^  R  di  l.dit—nf  tJTe)  li ,) 

’  R/RiArh  +  Rd)  ■¥!{/) 

where  is  e(|ual  to  r.  4-  R.  and 
/i„»  is  equal  to  r,  -|-  r.  ( 1  —  a,.). 
Assuming  ar,  >  >  R,  the  small- 
signal  voltage  gain  may  l)e  simpli¬ 
fied  to 


(2) 


.  — g/  tXrR/lti.  -tr.///.(/i|n4-  //,) 

ii hA-  Rd)  A-T€{h\\hA-R,)(Ri.  A-  R/) 
Assume  R,  >>  /<,,»  -f  R,  and 
r,  >>  Rf  the  small-signal  voltage 
gain  becomes 


/>■■»  +  R.  Ri.  +  Rf 


r-i) 


If  the  two  above  assumptions  hold 
and  R,.  >>  R,  for  example,  large 
amount  of  shunt  voltage  feedback; 
and  R,  >>  h,,^  for  example,  large 
amount  of  series  current  feedback, 
then 


(4) 

h'or  good  junction  transistors  alpha 
is  about  0.95  or  better.  Therefore 


Rf 

R. 


(■'•) 


Small-Signal  Current  Gain 

To  compute  the  small-signal  cur¬ 
rent  gain  additional  assumptions 
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Uses  Multiple  Feedback 


The  sniall-si)?nal  output  resist¬ 
ance  may  be  determined  as  follows: 

(U/  4-  /^o)(/iii»  +  fit)  + 


^  0  -  _ 

H,  +  (hu^  +  K.) 

With  following  assumptions: 


(12) 

Rr 

then 


If  R.  >>  R„  then  the  output  re¬ 
sistance  approaches  the  value  of 
the  shunt  feedback  resistor,  R,. 


FIG.  2 — EquiTaUnI  a-c  circuit  darlTud 
from  autwork  la  Flq.  1 

such  as  the  followinj?  will  have  to 
be  made: 

r.  >>  R,  and  R,  >>  )t„»  4-  R. 

Applyinjf  the  above  a.ssumptions, 
the  small-siirnal  current  jyain  may 
be  determined  as 

4  ^fhfif  /e  I 

’  f/l,4-f1  — or/»)W/4-(^in»4-/^«) 

For  the  assumptions  of  larjfe 
series  and  shunt  feedback  and  a 
Kood  junction  transi.stor:  R,  >> 

^ii»,  Rl  Rft  Ork  —  1 


The  small-sifrnal  power  jrain  may 
be  computed  usiiiK  the  following 
simple  relation 

(S) 


Practical  Amplifier 

Given  the  following  specifications 
for  the  design  of  a  reliable  tran¬ 
sistor  amplifier:  Minimum  transis¬ 
tor  short-circuit  current  gain  o,»  = 
0.97,  transistor  short-circuit  input 
impedance,  =  30  ohms,  gener¬ 
ator  impedance  =  1,000  ohms,  load 
impedance  =  3,000  ohms,  desired 
voltage  gain  =  15  and  desired  input 
impedance  =  1,000  ohms. 

Using  Eq.  3  and  a.Hsuming  that 

R,  >>  Rl: 

I  athRt 

h,u  +  R. 

Substituting  and  solving  for  R,  : 
R,  equals  164  ohms. 

Since  nearest  standard  value  is 
160  ohms,  from  Eq.  10 

n  ,  +_1^) 

—  ;j,ooo  -r  :«>  4-  130 

With  R,.  equal  to  1,000  ohms,  R, 
equals  16,700  ohms.  Since  nearest 
standard  value  is  16,000  ohms,  from 


The  small-signal  input  resistance 
may  be  found  as 


I?  (Rl-)- Rf){hui,-\- Rt) 

RL-\~{f>llk-)-  Rt)-i-(\  —nft,)R/ 

For  the  following  assumptions: 
<Lth—  1,  Rt  >>  filth. 


f,  ^  (Rl-)-  Rt)R. 
"  -  Rl  +  R. 


(10) 


P'or  large  shunt  feedback  Rl  >> 
R„  the  input  resistance  becomes 


Kl 


R. 


(II) 


and  if  R,.  >>  R.  the  input  resist¬ 
ance  approaches  the  value  of  the 
series  feedback  resistor,  R.. 


FIG.  3 — Circuit  ihown  can  b«  uaad  lor 
matrix  analysis  lachnique.  Matrix  is  da- 
rirad  by  using  aquiTalant  a-c  circuit 
shown  in  Fig.  2  and  raducinq  transistor 
and  iaadback  loops  to  4-tarminal  natworks 


Eq.  3,  quantity  A,  is  equal  to  —12.9. 
This  is  slightly  le.ss  than  the  de¬ 
sired  15.  Selecting  a  smaller  series 
feedback  resistor,  R„  will  tend  to 
increa.se  the  voltage  amplification. 
Therefore,  if  R,  is  selected  to  be 
130  ohms,  Eq.  9  becomes 

^  J3,000  4-  /t/)(160) 

—  '3,000  4-  160  4-  .03/?/ 

With  Rl.  equal  to  1,000  ohms,  Rf 
equals  20,600  ohms.  Let  Rf  equal 
20,000  ohms,  then  A,  equals  15.8. 
From  Eq.  9,  Ri.  etjuals  980  ohms. 
Using  Rf  equal  to  20,000  ohms  and 


20K 


FIG.  4 — Practical  transistor  o-c  ampliiiar 
with  salactad  componant  yaluas.  Use  oi 
20.000-ohm  shunt  iaadback  rasistor  pro- 
Tidas  d-c  and  a-c  roltaqa  iaadback  and 
alimlnatas  two  componants 

R.  equal  to  130  ohms,  the  desired 
voltage  gain  and  input  impedance 
may  be  obtained  w’ithin  5  percent 
and  2  percent  respectively.  These 
may  be  designed  closer  to  de¬ 
sired  values  using  non-standard 
resistors. 

Using  the  above  determined  val¬ 
ues,  the  output  impedance  R..,  from 
Eq.  12  becomes  3,280  ohms.  The 
current  gain  A,  from  Eq.  6  becomes 
5.16.  Therefore,  the  ptower  gain  A, 
etjuals  81.5  or  19,1  db. 

The  design  may  now  be  completed 
by  a  selection  of  the  quiescent  oper¬ 
ating  point  and  the  application  of 
some  type  of  d-c  feedback  to  sta¬ 
bilize  the  operating  point  over  the 
desired  temperature  range.  Figure 
4  illustrates  a  completed  design  hav¬ 
ing  the  above  a-c  characteristics. 
The  20,000-ohm  shunt  feedback  re¬ 
sistor  is  used  to  provide  d-c  as  well 
as  a-c  voltage  feedback,  resulting 
in  a  saving  of  two  components. 
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KLKr.TKOMCS  HKFERKM.E  SHEET 


CINCH  UNIVERSAL 
EDGE  CONNECTORS 


...AVAILABLE  IN  FOUR  BASIC 
MATERIALS,  AND  IN  ANY 
NUMBER  OF  CONTACTS 
FROM  6  THROUGH  25 


IJ 

.I74±0'6 

"r“ 


.054.x. 1 14 

SLOT 


TYPE  1  CONTACT 
SCALE  2  TO  1 


22585—22  B-1 
Orion  fillod  Bluo 
Diellyl  Phthalato 
Typo  M  D  G 


24585—15  C-1 
G.  P.  BLACK 


After  the  basic  part  numbers  under  the 
components  shown,  the  number  designates 
the  number  of  contacts.  The 
letters  A,  B,  C,  or  D,  designate 
■BA  melamine,  orlon  filled  diallyl 

phthalate.  General  Purpose 
black  or  asbestos  filled 
diallyl  phthalate  respectively.  All 
contacts  are  phosphor  bronze  with 
P-92-3-03  finish  (.0003 
silver  followed  by 
*00003  gold  flash). 

- V V  Type  one  contact, 

w  /  reproduced  here,  which  takes 

^  ^  a  standard  #20  stranded 

.  '  copper  wire  for  conventional 

'  soldering  is  ready  fOi  delivery. 

Parts  with  wire  wrap  contacts  and/or 
contacts  for  dip  soldering  to  a  printed  board 
will  be  available  for  future  requirements. 


VOLTAGE  BREAKDOWN 


N  24585 — 25  A-1 

Mineral  filled 
Melamine  592  or 
equivalent 
Type  M  M  E 


AC-RMS 

DC 

Sea  level 

3000 

4500 

24585 — 15-D-l.T 

50,000  Feet 

900 

1200 

(Below  Enlarged) 

Asbestos  filled 

RECOMMENDED 

WITHSTANDING  VOLTAGE 

Diallyl 

Sea  level 

2200 

3400 

Phthalate 

50,000  Feet 

700 

900 

Type  S  D  1-5 

Current  Rating 

Contact  Resistance  at  Rated  Current 
Insulation  Resistance  in  Megohms 


Pre-assembled  polarizing  key  (illustrated) 
in  any  connector  in  any  contact  position 
when  desired  is  designated  by  the  last 
letter  of  the  connector  assembly,  e.g., 
24585-1 5D-1 -T  designates  a  connector 
with  15  contact 
positions  with 
Asbestos  filled 
Diallyl  Phthalate 
insulator  body 

loch. 

Cenlrolly  located  plants  at  Chicago, 
Illinois;  Shelbyville,  Indiana;  laPuente, 
California;  St.  Louis,  Missouri. 


L  Cinch  Manufacturing  Corporation 

m  1026  Sooth  Homan  Ave.,  Chicago  24,  lUinoio 

Subsidiary  of  United-Carr  Fastener  Corporation,  Cambrid'j-,  .“.4<as5. 


7.5  Amperes 
20  millivolts  maximum 
Melamine  —  1 0,000 
Diallyl  —  100,000 
G.P.  Black  —  1,000 
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ELECTRONS  AT  WORK 


Photocell  Measures  Raindrop  Size 


Determining  raindrop  size  is  re¬ 
garded  by  the  University  of  Michi¬ 
gan  as  one  of  the  first  steps  toward 
possible  weather  control.  A  $26,- 
000  grant  from  the  National 
Science  Foundation  is  being  used 
for  the  study.  Electronic  equip¬ 
ment  will  play  a  major  role. 

A.  Nelson  Dingle,  associate  pro- 
fes.sor  of  meteorology,  is  directing 
the  two-year  investigation,  which 
began  this  month.  He  indicated 
that  there  is  little  scientific  knowl¬ 
edge  of  raindrop  sizes.  He  believes 
results  of  his  work  will  be  useful 
for  a  variety  of  things,  such  as 
helping  to  reduce  erosion  of  newly 
planted  land  and  improving  radar 
detection  of  storms  so  as  to  deter¬ 
mine  the  amount  and  type  of  rain 
in  them. 

Findings  also  may  help  to  evalu¬ 
ate  artificial  rainmaking  by  dis¬ 
tinguishing  artificially  generated 
rain  from  natural  rain  on  the  basis 
of  drop  size  differences. 

Chief  tool  of  the  investigation  is 
the  raindrop-size  spectrometer,  a 
device  that  measures  and  counts 
raindrops  without  di.sturbing  them. 
It  consists  mainly  of  two  black 
boxes  mounted  at  the  ends  of  two 
arms.  One  box  contains  a  light 
source,  the  other  a  photoelectric  cell 


and  an  electronic  amplifier. 

As  the  arms  whirl  about  three 
times  a  .second,  the  photocell 
watches  a  spot  in  the  light  beam. 
When  a  raindrop  passes  through 
that  spot,  the  amount  of  light  that 
falls  on  the  photocell  tells  the  size 
of  the  drop.  In  the  heaviest  rain, 
the  device  records  about  50  drops 
per  .second.  The  recording  appara¬ 
tus  consists  of  a  panel  of  electronic 
instruments  in  a  nearby  room. 


■)|-0CT 


OjOOOW 


Comet  Shows  CRT 
Beam  Direction 

Br  J.  J.  WORMSF.R 

F'leotrical  EnKlneerlnK  Southwest 

Kesearch  Institute,  San  Antonio.  Texas 


FIG.  1 — TransUlorized  crt  beam-direction 
marker  ha*  direct-coupled  emiher  iol- 
lower  to  isolate  oscillator  from  load 


modulation  is  relatively  independ¬ 
ent  of  display  size. 

A  sawtooth  signal  is  used  for 
modulation  bec«i.se,  when  properly 
used  on  the  Z-axis,  the  resulting 
comet-shaped  pulse  clearly  indi¬ 
cates  trace  direction.  Although 
practically  any  type  of  sawt(K)th 
generator  can  be  used,  it  should 
supply  at  lea.st  15  volts  peak  modu¬ 
lating  voltage.  For  measurement# 
in  the  audio  range,  it  should  sup¬ 
ply  pulse  lengths  of  from  20  milli¬ 
seconds  to  20  microseconds  with  a 
flyback  time  of  less  than  «)ne  micro- 
.second. 

Free-running  oscillations  are 
usually  .satisfactory,  but,  if  ex¬ 
ternal  synchronization  is  desired, 
either  of  the  deflection  voltages  can 
be  u.sed  to  .synchronize  the  saw¬ 
tooth  o.scillator  at  fundamental 
frequencies.  For  harmonic  .syn¬ 
chronization  a  suitable  triggering 
circuit  must  be  included. 

The  circuit  in  Fig.  1  is  a  free- 
running  multivibrator-type  saw- 
t<M)th  generator.  It  is  i.solated  from 
the  .synchronizing  signal  source  and 
modulation  load  by  emitter-fol¬ 
lower  circuits.  Output  waveform 
is  a  .series  of  positive-rising  nega¬ 
tive-decaying  sawtooths  with  peak 
amplitudes  of  17  volts  across  10,- 
000  ohms. 

Controls  are  provided  for  adjust¬ 
ing  amplitude  of  the  synchronizing 
signal  and  sawtooth  pul.se  lengths. 
Pulse  lengths  can  be  varied  from 
22  milliseconds  to  15  microseconds 


Knowing  the  direction  of  beam 
travel  in  cathode-ray  o.scillography 
can  aid  in  .some  types  of  testing. 
In  studying  Lissajou  patterns,  for 
example,  trace  direction  can  indi¬ 
cate  phase  relationship  of  vertical 
and  horizontal  deflection  voltages. 

Trace  direction  can  be  deter¬ 
mined  by  intensity  modulating  the 
electron  beam  of  an  oscilloscope. 
This  method  does  not  disturb  the 
horizontal  and  vertical  input  cir¬ 
cuits.  Furthermore,  intensity 


High  Speed  Data  Handler 


Recording  ond  transcribing  system  handles  10,000  samples  oi  iniormation  a  second  on 
its  100  channels.  It  was  originally  conceieed  by  North  American  ATiation  and  developed 
by  Minneapolis-Honeywell.  The  system  incorporates  multiplexing  ieature  and  provides 
analog  to  digital  conversion 
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Now — guaranteed  maximum  and  minimum 
performance  iimits  for  tape  wound  cores ! 


For  the  first  time  you  can  order  tape  wound  cores  with 
guaranteed  performance  to  published  limits. 

All  tape  wound  cores  coming  from  the  hydrogen  atmosphere 
annealing  furnaces  at  Nfagnetics,  Inc.  are  tested  by  flux  reset 
as  proposed  by  the  AIEE  Working  Group  on  Core  Matching 
and  Grading*.  Thus,  standard  cores  are  given  a  standard 
test  to  give  engineer-designers  a  standard  component  whose 
performance  is  guaranteed  within  fixed  limits. 

Magnetics,  Inc.  has  established  the  limits  to  provide  maxi¬ 
mum,  minimum  and  nominal  H,  and  gain 

performance  data.  It  is  published  for  one,  two,  four  and  six 
mil  tape  thickness  for  Orthonol*  and  Hy  Mu  80. 

Now  it  is  possible  for  you  to  select  and  order  cores  specifically 
suited  to  your  design  (just  as  with  any  other  standardized 


component) .  You’ll  save  many  hours  of  experimenting,  and 
because  the  reliability  of  the  data  is  guaranteed,  you’ll  be 
sure  at  every  stage  of  design  and  production. 

The  published  limits  for  Magnetics,  Inc.  tape  wound  core 
performance  are  ready  now.  Write  for  your  copy;  Dept.  E-4i, 
Magnetics,  Inc.,  Butler,  Pennsylvania. 


m /I  on  erics  tnc. 


*PapeT  So.  58-71,  tt'inter  General  Meeting,  AIEE,  February,  1958. 
Flux  Reset  Test  is  one  of  two  tests  proposed  for  standardization. 
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CIRCLE  54  READERS  SERVICE  CARD 


Generator  output  it  shown  with  Tertical 
scale  of  5  Tolts  per  cm  and  horisontol 
scale  of  2  microseconds  per  cm 


with  flyback  time  of  0.5  micro¬ 
second.  The  circuit  drains  5  milli- 
amperes  total  current  from  a  22.6- 
vfilt  dry  cell  battery.  Free-running 
frequency  stability  is  adequate  for 
most  uses. 

.Most  commercial  oscilloscopes 
when  used  with  this  circuit  indi¬ 
cate  trace  direction  oriented  with 
the  comet  nose.  Orientation  of  the 
comet  depends  not  only  upon  trace 
direction  but  also  upon  polarity  of 
Z-axis  modulation. 

A  direct  method  for  determining 
initial  orientation  is  to  connect  the 
marker  output  to  the  oscilloscope 
vertical  input.  Use  the  internal 
sweep  at  a  low  frequency.  In  this 
instance,  the  steep  slope  of  the 
waveform  indicates  inverse  hori¬ 
zontal  trace  direction.  Then  recon¬ 
nect  the  marker  output  to  the  Z- 
axis  input.  Adjust  the  marker  fre¬ 
quency  controls  until  one  or  more 
stationary  comet  appears.  Comet 
orientation  respective  to  the  known 


Electronic  and  analog  computer 
techniques  are  combined  in  a  re¬ 
cently  announced  system  for  track¬ 
ing  missiles  optically  and  photo¬ 
graphically  (see  Electronics, 
April  4,  1958,  p.  49).  The  system 
can  also  indicate  when  a  mi.ssile  has 
departed  from  its  planned  course 
and  must  be  destroyed. 

Called  Electronic  Missile  Acqui¬ 
sition  system  (EM A  II),  it  is  un¬ 
dergoing  evaluation  by  the  Army 
at  Aberdeen  Proving  Grounds. 


LUtaiou  display  of  70-kc  signal  shows 
Tertical  Toltage  leading  horisontol  by  an^ 
angle  of  38  degrees 


trace  direction  can  then  be  noted. 

Phase  determination  can  be  ac¬ 
complished  in  the  conventional 
manner  by  constructing  a  centered 
Lissajou  on  the  screen  and  meas¬ 
uring  the  ratio  of  Y  intercept  to 
Y  maximum  which  ratio  equals  the 
trigonometric  sin  of  the  pha.se 
angle  between  deflection  signals. 
This  technique  by  itself  provides 
only  information  respecting  phase 
magnitude. 

By  using  the  trace  marker  to  in¬ 
dicate  direction,  phase  position 
can  be  determined  quickly  with¬ 
out  disturbing  either  deflection  cir¬ 
cuit.  If  the  o8cillo.scope  deflection 
is  standard  with  upward  and  right- 
hand  directions  corresponding  to 
positive  input  deflection  voltages, 
vertical  input  voltage  leads  hori¬ 
zontal  voltage  if  the  trace  rotation, 
as  indicated  by  the  marker,  is 
found  to  be  clockwise.  Conversely, 
the  horizontal  leads  the  vertical  for 
a  counterclockwise  rotation. 


A  prime  feature  of  the  equip¬ 
ment  is  that  it  provides  instant  ac¬ 
quisition.  The  time  required  for 
scanning  and  locking  on  a  target 
is  eliminated.  In  addition,  total 
response  time  is  also  reduced  since 
it  is  not  necessary  to  drive  a  dish- 
type  antenna. 

The  system  consists  of  an  an¬ 
tenna  array,  preamplifiers,  two 
radio  receivers,  data  transmission 
and  comparison  circuits  for  tele¬ 
scope  tracking  and  an  analog  com¬ 


puting  system  developed  by  Mag¬ 
netic  Amplifiers,  Inc. 

An  array  of  whip  antennas  is 
spaced  around  the  theodolite.  They 
receive  an  unmodulated  r-f  signal 
from  a  beacon  in  the  mi.ssile.  A 
phase  difference  in  the  r-f  received 
by  each  antenna  corresponds  to  the 
propagation  time  from  the  source. 

These  phase-  related  signals  are 
amplified  in  pha.se-stabilized  pre¬ 
amplifiers  and  delivered  to  the  re¬ 
ceivers.  The  receivers  convert  the 
r-f  to  audio  frequency,  maintaining 
phase  intelligence.  The  a-f  signals 
are  also  amplified  in  phase-stable 
amplifiers. 

Outputs  from  the  receivers  are 
delivered  to  two  phase-angle  com¬ 
puters.  These,  in  turn,  produce  two 
output  signals  that  are  propor¬ 
tional  to  the  pha.se  differences  in 
the  input  signals. 

The  theodolite  computer  receives 
the  output  signals  from  the  two 
pha.se  computer  channels  and,  in 
conjunction  with  resolvers  at¬ 
tached  to  the  azimuth  and  elevation 
axes  of  the  theodolite,  derives  sig¬ 
nals  proportional  to  the  angular 
deviation  of  the  theodolite  axes 
from  the  computed  target  angles. 

The  theodolite  computer  cir¬ 
cuitry  would  produce  an  error  sig¬ 
nal  varying  widely  as  a  function  of 
target  angle.  In  order  to  maintain 
a  constant  error  voltage  per  degree 
of  angular  error,  compensating 
amplifiers  are  also  incorporated 
into  the  system. 


Electronic  Chopper 
Uses  New  Photocells 

By  Richard  G.  Sixd 

SennUon  Corp.*  LpxIngtuTi  73,  Maxn. 

Photoconductive  choppers  have 
been  of  considerable  recent  inter¬ 
est,  and  a  number  of  firms  have 
been  exploring  both  their  design 
and  application.  This  is  possible 
becau.se  of  the  increased  knowledge 
of  solid-state  devices  in  the  past 
decade,  including  the  development 
of  several  simple,  highly  .sensitive 
photocells,  especially  cadmium  sul¬ 
fide  and  cadmium  .selenide. 

The  photoconductive  chopper  is  a 
narrow  cla.ss  within  the  larger  class 

•Now  with  Sylvania  Electric  Products,  Inc., 
Wohurn,  .Maae. 


Whip  Antennas  Track  Missiles 
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INET  tailor-made 
400-cycie  ground 
power  unit  serves 


meets  Convair's  tough  requirements 


Used  for  pre-flight  calibration  of  the  Atlas  electrical 
systems,  loach’s  400-cycle  unit  met  all  Convair’s 
specifications  . . .  performed  as  one  of  the  most 
successful  pieces  of  test  equipment  used  in  this 
USAF  project. 


There’s  a  custom-built  engine  generator  or  motor  generator  set  for 
every  iOO  or  1600  cycle  application.  Write  for  Bulletin  iOO  cycle  Poiver. 


mpomm 


isti  uiriiiuH  18435  Susana  Road,  Compton,  California 
DISTRICT  OFFICES  AND  REPRESENTATIVES  IN  PRINCIPAL  CITIES  OF  U.  S.  AND  CANADA 
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YEARS  AHEAD  IH  DESIGH  PERFORMAHCE 

For  critical  opplications,  many  of  our 
customers  hove  saved  years  of  trial  and 
error  in  YOKE  selection  by  specifying 
Ctko  YOKES. 

The  construction  of  our  yokes  makes  it  v 

possible  to  achieve  semitivitws,  linear-  ^ 

Hies,  responses  and  distortion-free  de¬ 
flecting  fields  not  possible  with  the  usual  — — — — 

types  of  yoke.  ^ 

For  precision  military  and  commercial  i 

displays,  Celco  also  offers  standard  yokes  ?  g 

in  7/8",  1",  1  ,  2",  t  2  '/i"  CRT  neck  I  #  J 

diameters.  ^  ^ 

If 

Writ#  for  CEICO  DEflEaiON  YOKE  Cotologuo  &  ' 

Dotign  Shoot!  or  for  immodiofo  onglrtooring 
oiiiitoiKO  Coll  your  nooroit  CEICO  eionl: 

I 

(^. 


Mohwoh,  N.  J. 
Dovi!  7-1133 


Miami,  Flo. 
Plato  1-90S3 


Cucamonga,  Calif. 
Yukon  3-3688 
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of  nonmechanical  choppers  also 
now  receiving  wider  attention. 
Other  examples  include  magneto¬ 
resistive,  Hall-effect,  rectantriilar 
hysteresis,  majrnetic-core,  mmlu- 
lated-<liode  and  transi.stor  choppers. 

The  basic  photixronductive  choi>- 
per  arranjrement  is  illustrated  in 
Fi{?.  1.  /2,  is  usually  fixed  and 

.serves  to  prevent  burn-up  of  the 
photocell.  A  value  of  0.3  mejrohms 
is  u.sed.  Ri  is  a  variable  resistor 
that  can  be  adjusted  for  maximum 
conversion  efficiency.  A  value  of 
about  2.2  mejrohms  .seemed  best. 
Resistors  R.  and  W,  may  be  com¬ 
bined. 


FIG.  1 — PhotoconductlTo  choppor  oiior! 
low  noUo  loToI  and  rotlslanco  to  Tlbration 

/?„  the  photocell  parallel  imped¬ 
ance,  may  be  5  to  100  meKohms  and 
.serves  as  an  upper  limit  on  effective 
photocell  resistance.  Output  im¬ 
pedance  is  determined  by  the  cell 
and  the  impedance  /?,  in  parallel. 
In  the  dark  condition  photocell  re¬ 
sistance  increa.ses  to  values  as  hiKh 
as  thou.sands  of  megohms,  and  the 
output  impedance  thus  cannot  ex¬ 
ceed  Rt.  As  the  hijrh  dark  resist¬ 
ance  tends  to  vary  larirely  amonjj 
cells  and  is  reached  only  very 
slowly,  this  arrangement  tends  to 
produce  more  uniform  and  a  con¬ 
sistent  output  siffnals.  In  many 
ca.ses  /?,  may  be  omitted. 

C,  averaires  d-c  signal  input  fluc¬ 
tuations  .so  that  they  do  not  exceed 
liirht  source  choppinj?  frequency. 
The  liRht  .source  should  be  mounted 
in  immediate  contact  with  the  pho¬ 
tocell  with  the  filament  lined  up 
with  the  .sensitive  area  of  the  detec¬ 
tor.  A  thin  electrostatic  shield  was 
found  to  reduce  a-c  pickup  from  the 
light  .source.  The  entire  closed  unit 
of  light  source,  resi.stors  and  photo¬ 
cell  should  al.so  be  enclosed  in  a 
light  tight  and  electrostatic  shield. 

The  varying  intensity  of  the 
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YOU  get  precision  performaiic-e,  tough  mechanical  con¬ 
struction  and  clean,  compact  design  when  you  specify 
/«n-TI-cap  solid-electrolyte  tantalum  capacitors  —  ataif- 
ahle  humediately  in  production  quantities! 


YOU  are  assured  of  the  stability  your  high  reliability  appli¬ 
cations  require  with  fan-TI-cap  capacitors.  Capacitance  and 
impetlance  parameters  remain  within  5?  of  rating  through¬ 
out  entire  temperature  range  ...  from -80  to  -|-85°C... 
and  .stable  tbroufihout  extra-long  shelf  and  service  life! 

.Solid,  no-leak  construction  of  fan-TI-cap  capacitors  pro¬ 
vides  ix^llet  with  a  hard  surrounding  foundation  of  high 
temperature  solder  that  resists  high  impact  and  vibration. 
You  simplify  printed  circuit  assembly  with  fan-TI-cap 
capacitors  .  .  .  firmly  anchored  leads  can  be  bent  sharply 
clo.sr  to  the  case  for  easy  mounting  in  subminiature  circuits. 


$IUCr»FMM  II  MTINU« 


•  CIPMITMCf  AMD  IMPiDANCI  ITMLf  FIOM  -M  TO  t-M°C 


6-Voit  22^t  33^1  47  Mf  Wm' 


15-Vott  10 


25Volt 


35-Vott 


-85  -65  -45  -25'‘C  -5 


ASK  YOUR  NEAREST  Tl  SALES  OFFICE  FOR  BULLETIN  DL-C  8S9 
'Trademark  of  Texas  Instrumenls  Incorporoled 


TEXAS  INSTRUMENTS  SALES  OFFICES 
DALLAS  •  NEW  YORK  •  CHICA60  •  LOS  ANCELES 
CAMDEN  •  DAYTON  •  DENVER 
DETROIT  •  OTTAWA  e  SYRACUSE  e  SAN  DIECO 
WALTMAN  •  WASHINCTON,  D  C. 


1  . Texas  Instruments 

V® 


NCORPORATEO 
SEMICONDUCTOR  COMPONENTS  DIVISION 
POST  OFFICE  BOX  312  DALLAS,  TEXAS 


NEW! 


INCREASES  RELAY  RELIABILITY 
AND  TEMPERATURE  RANGE 


LOOK  AT  THESE  GREAT  NEW  FEATURES 


New  bobbinless  coil 
saves  space,  permits 
use  of  more  ampere  . 
turnsof  Teflon  coated  ^ 
wire  with  no  increase  *2 
in  coil  diameter. 


Hermeticaliy 
sealed 
coil  prevents 
gases  from 
contaminating , 
contacts. 


Mycalex  stack. 
Teflon  wire  and 
-  end  washers  and 
ceramic  pushers, 
plus  sealed  coil, 
permit  high 
temperature 
operations. 
(Tested  up  to 
C.) 


Hermetically  sealing  the  coil  of  the  MH  “Seal-Temp”  substantially 
increases  the  reliability  and  life  of  this  popular  telephone-type  relay. 
Considered  a  major  reason  for  relay  failure,  contact  contamination 
due  to  outgassing  of  the  coil  has  been  eliminated  by  this  sealing 
process. 

The  “Seal-Temp”  has  a  temperature  range  considerably  broader 
than  ordinary  relays . . .  from  —65°  C  to  -[-125°  C.  This  is  achieved 
by  constructing  the  stack  of  Mycalex,  employing  ceramic  pushers, 
and  by  using  Teflon  coated  wire  throughout. 

For  applications  where  reliability,  long  life  and  broad  temperature 
ranges  are  required,  the  MH  “Seal-Temp”  relay  could  well  be  the 
answer.  Write,  wire  or  call  today  for  complete  information. 


POTTER  &  BRUMFIELD,  INC.,  PRINCETON,  INDIANA /SUBSIDIARY  OF  AMERICAN  MACHINE  &  FOUNDRY  COMPANY 


SEAL-TEMP 

RELAY 


GENERAL:  Insulating  Material:  Ceramic,  Mycalex  and  Teflon. 
Insulation  Resistance;  1,000  meg  ohms  min. 
Breokdown  Voltage;  500  V.  RMS. 

Shock:  30g's. 

Vibration:  Sg's  55  to  500  cps.;  .032*  max. 
excursions  5*55  cps. 

Temperature  Range:  —65*  C  to  +125*  C. 

Pull-In;  Approximately  75%  of  ttominal  voltage 
ot  25®  C. 

Terminals:  Miniature  plug  in;  hook  end  solder. 
Enclosure:  Short  "M"  Can,  hermetically  sealed. 
CONTACTS:  Arrangements:  Up  to  6  springs  per  stack.  (4PDT) 
Material:  '/■*  Silver  (others  available). 

Load:  5  amp.  115  V.  AC  resistive. 

COILS:  Resistance;  Up  to  22,000  ohms. 

Power:  100  mw  per  movable  arm  min.;  4  watts  max. 
DC  at  25*  C.  (200  mw  min.  to  meet  shock  or 
vibration  requirement  at  25°  C.) 

Duty;  ContifKiOus. 

Irtsulation;  Teflon. 

Coil  Chomber:  Hermetically  sealed. 


PtB  STANDARD  RflAYS  ARE  AVAIIARIE  AT  YOUR  LOCAL 
ELECTRONIC,  ELECTRICAL  AND  REFRIGERATION  DISTRIBUTORS 


PRINCETON,  INDIANA 

SUBSIDIARY  OF  AMERICAN  MACHINE  B  FOUNDRY  COMPANY 
Manufacturing  Divisions  also  In  Franklin,  Ky.  and  Laconia,  N.H. 


feltur  B  Brumfield,  Inc.,  Princeton,  Indiana 
Attn;  T.  B.  White,  Brig.  Oen.  USMC  (Ret.) 

Speclai  Prajecte  Engineer 

Please  send  me  complete  engineering  data  on  the  new  MH 
.Series  Relay  plus  the  new  compact  catalog  of  PBB  standard 
relays. 


Name. 


Company. 


Address. 


light  source  causes  the  photocell  re¬ 
sistance  to  vary  substantially,  and 
the  impre.s.sed  d-c  signal  voltage 
drop  appears  mostly  across  loa«l  /?, 
or  mostly  across  the  photocell  PC’,, 
depending  on  their  relative  resist¬ 
ances. 

Conversion  efficiency  is  defined 
as  the  ratio  of  peak  to  peak  a-c  out¬ 
put  voltage  signal  to  d-c  input  sig¬ 
nal  in  percent.  The  mo.st  efficient 
circuit  for  modulation  consists  of 
a  photocell  in  series  with  a  resistor 
who.se  value  is  the  .square  root  of 
the  product  of  maximum  and  mini¬ 
mum  photocell  resistance.  Using 
the  circuit  arrangements  de.scribed, 
conversion  efficiencies  of  20  percent 
have  been  obtained  and  more  than 
40  percent  with  miniature  tungsten 
filaments.  For  resi.stance  varia¬ 
tions  of  100  to  1,  the  maximum  con¬ 
version  efficiency  is  80  percent. 

Several  problems  exist  in  photo- 
conductive  choppers.  One  is  the 
noise  or  spurious  signal  produced 
by  the  light  source  in  the  load  from 
the  .self-generating  efTect  in  the 
photocell  when  there  is  no  d-c  sig¬ 
nal.  This  has  been  as  low  as  25 
microvolts  at  room  temperature. 
There  is  no  reason  to  believe  that 
this  could  not  be  reduced  consider¬ 
ably. 

Unfortunately  there  is  a  tendency 
for  this  photovoltaic  signal  to  in- 
crea.se  with  temperature  in  cad¬ 
mium  sulfide.  However,  it  can  to 
a  very  large  e.xtent  be  canceled  by 
an  appropriate  d-c  bias  on  the  pho¬ 
tocell  and  series  resistors  /?,  and  /?,. 
h'or  long  term  stability  the  light 
.source  and  self-generating  efTect 
should  be  stable. 

Some  .self-generating  effects  can 
also  be  caused  by  thermal  gradi¬ 
ents.  The  potovoltaic  effect  orig¬ 
inates  mostly  at  the  contacts  to  the 
crystalline  material.  It  can  be  re¬ 
duced  by  carefully  shielding  the 
contacts  from  radiation  and  by  u.se 
of  suitable  contact  materials  de¬ 
posited  in  suitable  ways.  These  in¬ 
clude  indium  and  aluminum  de¬ 
posited  by  evaporation  or  alloying 
or  both.  Some  .self-generating  ef¬ 
fect  can  result  from  crystalline  in¬ 
homogeneities.  These  can  only  be 
reduced  by  careful  crystal  growth 
or  by  crystal  selection  after  growth. 

Nonlinearities  in  the  voltage-cur¬ 
rent  characteristic,  at  some  reason¬ 
able  fixed  illumination  level,  can 
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MEASUREMENT  of  Rpi 


&  Rps,  Froquoncy,  Ptriod, 
Velocity,  Flow,  Pressure,  Temperature. 

CALIBRATION  of  Transducers,  Filters,  Oscillators 
(Audio,  Sub-Carrier),  Intervalometers. 

TIMING  of  Relays,  Valves,  Actuators,  Mechanical 
Devices,  Projectiles,  Sporting  Events,  Camera  Shutters. 


ERIC-PACIPIC  DIVISIO  N _ ^ 

ERIE  RESISTOR  CORPORATION 

MAIN  OFFKIS  IDIi,  PA  ,  U  S  A  FACTOtllS:  lAH.  PA  •  HAWTHOANl.  (AIK 


also  cause  nonlinear  a-c  output. 
This  effect  is,  unfortunately,  par¬ 
ticularly  pronounced  at  low  volt¬ 
ages.  Its  causes  are  mainly  the  same 
source  as  for  the  self-generating 
effect,  rectifying  junction  at  con¬ 
tacts  to  the  crystal  and  to  a  small 
extent  inhomogeneities  in  the  crys¬ 
tal  itself. 

It  is  customary  to  operate  the.se 
converters  at  an  a-c  frequency  of 
50  to  60  cycles,  which  results  in  a 
light  frequency  and  output  signal 
of  100  or  120  cycles.  This  frequency 
doubling  is  very  convenient  as  elec¬ 
tronic  filtering  can  be  used  to  re¬ 
duce  the  level  of  60-cycle  pickup 
from  both  the  light  .source  and  as- 
.sociated  equipment. 

The  optical  modulation  of  a 
standard  tungsten  filament  at  60 
cps  is  only  about  3  to  6  percent.  If 
on  the  other  hand  a  half-wave  50- 
cycle  voltage  signal  is  u.sed  with  a 
standard  miniature  tungsten  fila¬ 
ment,  almost  complete  light  modu¬ 
lation  can  be  obtained.  This  gives 
only  a  50-cps  output.  However,  a 
neon  bulb  such  as  NK-47  or  the 
argon  bulb  AR-3  can  be  used  for 
frequencies  well  beyond  the  re¬ 
sponse  of  the  photocells.  Adequate 
chopping  has  been  obtained  with 
frequencies  up  to  400  cps  using  the 
cadmium  sulfide  photocells. 

Conversion  efficiency  depends  on 
light  intensity,  and  with  efficient 
light  input  power,  conversion  effi¬ 
ciency  can  be  as  high  as  desired, 
probably  up  to  about  95  percent. 
However,  this  may  reduce  bulb  life. 
The  neon  light  source  is  a  poor 
match  for  cadmium  sulfide,  better 
for  cadmium  selenide.  Argon  works 
better  with  cadmium  sulfide,  where¬ 
as  the  tung.sten  filaments  are  con¬ 
venient  .sources  of  intense  light  for 
both  cadmium  sulfide  and  cadmium 
selenide. 

Filaments,  however,  are  very 
.sensitive  to  vibration.  In  addition 
care  must  be  exercised  in  the  u.se 
of  tungsten  filament  light  sources 
since  even  a  low-power  bulb  may 
heat  tVie  photocell  and  cause  a  15- 
20  percent  change  in  resistance. 
This  can  be  avoided  by  adequate 
thermal  shielding  even  though  the 
bulb  and  photocell  are  almost  touch¬ 
ing. 

Temperature  sensitivity  may  also 
be  considered  a  problem.  The  im¬ 
pedance  of  the  cadmium  sulfide 


to  your  problem  in  the 


M(xiel  400 
Price  $695.00 


is  on  ERIE  IN5TRUMATION 
Digital  Electronic 


FEATURING 


•  SMALL  SIZE— LIGHT  WEIGHT— 

19"  X  SVi"  panel,  16'/2"  wide,  10"  deep.  Weighs  only  17 
pounds. 

•  LOW  COST— 

The  low  price  ($695.00)  of  Model  400  instrument  results  from 
the  simplicity  of  circuit  design. 

•  WIDE  RANGE  OF  MEASUREMENTS- 

Time  intervals  from  500 /uS  to  278  hours.  Frequencies  from 
1  cps  to  100,000  cps. 

•  ACCURACY— 

Temperature  controlled  crystal  provides  time  base  accuracy 
to  ±  .001%.  Resolution  is  ±  1  count  or  ±  10/iS  at  100  KC. 

»  ELECTRONIC  RESET— 

Eliminates  troublesome  mechanical  relays. 

•  SIMPLICITY  OF  DESIGN— 

Each  scaler  consists  of  one  triode  driver  and  one  glow  transfer 
tube  only.  This  replaces  conventional  4  dual  triode,  10  neon 
tube  in-line  display. 

Ofh«r  fRff  Digiioi  or*  oiroilobfG  horn  $395.00.  Wril*  for  oSdiltonat  informafioo. 
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6  Taylor-Fabricated  Laminated  Plastic  Insulators 
Protect  Control  Elements  of  GE  Automatic  Toaster 


These  insulators  for  the  pop-up  mechanism,  color  con¬ 
trol  unit,  and  heating  element  in  the  Cicneral  Electric 
Automatic  Toaster  are  made  of  continuous  filament 
woven  glass  fabric  with  melamine  resin  bond.  This 
Taylor  Fibre  Co.  material  was  selected  for  its  ability  to 
withstand  the  temperatures  encountered  in  the  toasting 
operation,  its  excellent  arc  resistance  and  mechanical 
strength,  and  its  cost,  which  is  lower  than  that  of  the 
mica  insulators  formerly  used. 

Another  factor  in  the  decision  was  the  capacity  of 
Taylor  Fibre  Co.  to  produce  the  fabricated  parts  to 
specification,  and  in  the  large  quantities  required,  at 
reasonable  cost. 

You,  tcH),  may  have  applications  which  can  utilize 
the  combination  of  physical,  mechanical  and  electrical 
projjerties  found  only  in  laminated  plastics.  Our  appli¬ 
cation  engineers  will  be  glad  to  discuss  them  with  you, 
offer  engineering  assistance,  and  recommend  a  Taylor 
grade  that  will  fit  your  specific  requirements.  Our  plants 
at  Norristown,  Pa.,  and  La  Verne,  Calif.,  are  both  fully 
equipped  for  fast  supply  of  basic  materials  and  finished 
parts.  Write  us  for  detailed  information  or  to  arrange  for 
a  Taylor  Fibre  man  to  call  on  you.  Taylor  Fibre  Co., 
Norristown  40,  Pa, 
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Longer  lasting  CHESTER  Plasticord-Plasticote  wires,  and 
nylon  and  teflon*  insulated  conductors,  are  available  in  stand¬ 
ard  or  custom  constructions  for  every  requirement.  All  are 
service-proven  for  complete  reliability  for  the  specific  appli¬ 
cation  for  which  they  are  engineered.  And  equally  reliable,  is 
the  service  behind  them... from  "crash”  deliveries  to  engi¬ 
neering  a.ssistance  on  the  design  of 
^  ^  special  purpose  constructions! 


'  says;  FOR  EASIER  INSTALLATION  AND  LONGER 
LASTING  DEPENDABILITY,  WIRE  IT  WITH  CHESTERI 


—  tor  Smooth  Pliability  with  Super-Durability 


"Airsac”  TV 

Lead-in  Wire 
Appliance  Wire 
Annunciator  Wire 
Annunciator  Cable 
Antenna  Loop  Wire 
Braided  Wire 
Coaxial  Cable 
Custom  Cable 

Constructions 
Flame  Retardant 

High  Voltage  Wire 
Flexible  Bell  Cordage 


High  Frequency 

Test  Lead 
High  Frequency 

Lead  Wire 
Intercom,  Control 

and  Audio  Cable 
Microphone  Cable 
MIL  HooW-up  Wire 
Miniature  Wire 

and  Cable 
Multiple  Conductor 

Cable 

Nylon  Coated  Wire 
Overbraids 


"Parallead”  TV 

Lead-in  Wires 
Phonograph 

Pick-up  Cable 

Photoelectric  Cell 
Rotor  Cable 
RVC-300  Apparatus 

Shielded  Cable 
Teflon  Lead  Wire 
Telephone  Bridle  Wire 
Telephone  Cable 
Telephone  Inside  Wire 


CABLE  CORP. 

A  Sitbsidtarjf  of  Miami  Copper  Company 
40  HILL  STREET.  CHESTER.  NEW  YORK,  U.S.A. 

PIONEER  PRODUCERS^OF  PLASTIC  I NSU LATED  Wl RES  AND  CABLES 


Double-barrel  solution 
to  all  wiring  probiems! 


photocell  may  vary  as  much  as  16 
percent  from  —80  to  60  C,  which 
variation  will  adversely  effect  out¬ 
put  but  at  less  than  a  linear  de¬ 
pendence.  Short-term  amplitude 
output  changes  up  to  5  percent  have 
been  observed  apparently  because 
of  slight  resi.stance  changes  with 
temperature  and  of  in.stability  in 
neon  lamp  output. 

The  time  constant  for  photoelec¬ 
tric  response  of  cadmium  sulfide  is 
inversely  proportional  to  illumina¬ 
tion.  Thus  at  low  levels  of  illumina¬ 
tion  the  conversion  efficiency  may 
be  limited  by  Icw-frequency  re¬ 
sponse. 

A  complete  design  theory  for 
photoconductor  choppers  needs  to 
be  worked  out.  Such  a  design 
theory  must  include  design  for 
maximum  conversion  efficiency  and 
minimum  noi.se  level. 

Any  unit  will  have  a  fundamental 
noise  limit.  Noise  will  compri.se 
two  terms,  the  Johnson  noise  in  re¬ 
sistor  R,  and  photocell  noise.  The 
photocell  noise  may  contain  two 
terms,  a  random  fluctuation  term 
and  a  self-generating  term. 

The  self-generating  term  might 
be  limited  by  random  thermal  gradi¬ 
ents.  The  random  fluctuation  term 
can  be  expected  to  compri.se  two 
components:  the  Johnson  noi.se  of 
an  equivalent  re.si.stor  and  an  excess 
noi.se,  in  power  proportional  to  1/f 
and  sometimes  called  semiconductor 
noi.se. 

In  exceedingly  good  units  the  1/f 
noi.se  may  be  less  than  the  Johnson 
noi.se  of  an  equivalent  resistor.  But 
this  has  not  been  observed  in  cad¬ 
mium  sulfide  or  selenide  at  line 
frequencies. 

A  noi.se  voltage  as  low  as  6  micro¬ 
volts  across  6.8  megohms  at  50  cps 
with  a  4-cycle  bandwidth  has  been 
obtained.  This  noi.se  level  compares 
favorably  with  the  best  precious 
metal  mechanical  choppers,  which 
is  about  1  microvolt  across  0.1  meg¬ 
ohm. 

Photoconductive  choppers,  when 
properly  designed  and  built,  would 
appear  to  have  the  following  ad¬ 
vantages:  low  noise  level  (at  lea.st 
competitive  with  mechanical  chop¬ 
pers),  more  economical  (especially 
for  low-noise  signals),  insensitive 
to  shock  and  vibration  and  long  life 
(with  suitable  nonfilament  light 
source). 
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PANEL  SPACE  LIMITED?  SPECIFY 


IT'S  A 

MUST! 

If  you  sell  to  the  $7  billion  electronics 
industry,  you’ll  want  a  free  copy  of 
electronics  MARKET  MEDIA 
FILE. 


What  are  the  prospects  for: 
MILITARY  ELECTRONICS? 
REPLACEMENT 
ELECTRONICS? 

HOME  ELECTRONICS? 
INDUSTRIAL 
ELECTRONICS? 


2-Terminal 


Sub-Miniature 
Pilot  Lights 

COMPACT 
RUGGED 

OMNIDIRECTIONAL 
PLASTIC  DOMES 

COMPLETELY 
INSULATED 


Also  availoble 
with  "Taper-Tob’’ 
qukk-conned 
[terminals 


Who  are  the 

BUYING  INFLUENCES? 

Why  are  more  than  9,000  men  who 
make  the  buying  decisions  for  30 
giant  companies  subscribers  to 
electronics?  . . .  and  what  does  that 
mean  to  your  advertising  dollar? 

The  1958  electronics  MARKET 
MEDIA  FILE  gives  the  answers  in 
12  fact-packed  pages  that  you  will 
refer  to  time  and  again  throughout 
the  year. 

Send  for  your  free  copy  today. 


A  McQRAW-HILL  PUBLICATION 
330  W.  42nd  St.,  New  York  36,  N.  Y. 


<3  Non-dimming 


1  -Terminal 
Pilot  Lights 

for  UM  on  grounded 
circuit*.  Available 
with  binding  acreir 
or  toldering  terminal. 


DIALCO't  expanded  line  of  sub-miniature  lights  conform 
to  all  applicable  Mil  Specs.  Use  T•P^  midget  incandescent 
lamp* — 1.3  to  28  V.  Spring  mounted  Lens-with-Message 
is  readily  positioned  after  installation  . . .  Mount  from  back 
of  panel  in  15/32"  clearance  hole;  or  from  front  of  panel 
in  17/32"  hole  ...  7  lens  colors  . . .  Shown  approx,  actual 
size  (top  to  bottom) ;  No.  134-3830-375-6 . . .  No.  101-3830- 
951. ..No.  10 1-5030-951...  No.  109-3830-111 ...  No.  Ill- 
3830-1 11...  No.  107-1930-951. 

Complete  details  in  Brochures  L-156  A  and  L-157. 

SAMPLES  ON  REQUEST  — AT  ONCE  — NO  CHARGE 


Foremast  Manuiacttirer  ol  Pilot  LiChts 


DiaLICHT 

CORPORATION 


58  STEWART  AVE.,  BROOKLYN  37,  N.  Y.  •  HYacinth  7-7600 


I  DIALIGHT  CORP.,  58  SUwort  Av*.,  Brooklyn  37,  N.  Y.  j 

I  □  Send  brothore*  on  Sub-Miniatures  □  |?ithu?."s  □  Cmalogu«  I 


I  Nomo  . . . 
I  Compony 
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COMPONENT  DESIGN 


Oscilloscope  Without  a  Direct  Connection  Probe 


If  the  desired  information  is  electrostatic  signal  is  picked  up.  electron  tubes  are  cylindrical,  a 
wave-shape,  rather  than  precise  In  order  to  prevent  any  random  ring-type  conductor  is  used  at  the 

end  of  the  pickup.  It  is  surrounded 
by  a  phenolic  substance,  which  in 
“  turn  is  surrounded  by  an  outer  me- 

shield,  is  grounded  to  eliminate 
stray  signals.  The  inner  conductor 
and  plate  of  the  tube  form  the 
capacitive  coupling. 


Tuned  Circuit 

At  the  high  frequencies,  where 
the  circuit  under  test  would  become 
heavily  loaded,  a  tuned  circuit  is 
used  in  the  coupling  circuitry  to 
maintain  high  impedance.  Since 
coupling  capacity  is  inversely  pro¬ 
portional  to  di.stance  l>etween  the 
plate  of  the  tube  under  test  and  the 
inner  ring  of  the  pickup,  loading 
of  the  circuit  can  be  controlled  to 
a  great  degree  by  the  person  using 
the  instrument. 

With  coupling  pulses  or  square 
waves,  allowances  must  be  made  for 
the  fact  that  the  coupling  becomes 


Electrostatic  pick-up  detects  the  signal  at  a  component  with  minimum  loading 


wave-magnitude,  the  absorption 
analyzer  is  probably  the  most  con¬ 
venient  instrument  to  use.  Its  load¬ 
ing  on  the  circuit  under  test  is  an 
absolute  minimum  and  the  speed 
and  ease  of  testing  are  far  greater 
than  any  other  known  method. 

No  direct  connection  is  made 
with  the  circuitry  being  tested. 
Instead  the  pick-up  is  brought  near 
the  tube  or  component  and  a  true 


charge  from  being  picked  up,  a 
common  negative  conductor  is  con¬ 
nected  to  the  circuit  of  the  tube 
under  test.  The  common  negative 
is  between  the  pick-up  grid  of  the 
test  circuit  and  ground  of  the  cir¬ 
cuit  under  te.st.  With  this  arrange¬ 
ment  a  capacitive  coupling  is  cre¬ 
ated  and  difficulties  of  stray  charge 
are  eliminated. 

Since  glass  envelopes  of  most 


Resistor  for  Automatic  Assembly 


A  rectangular  ceramic  case  with  Because  of  their  simple  shape, 
bench-like  legs  at  either  end  has  they  sell  for  leas  since  they  cost 
been  built  around  a  5  w’  resistor  by  less  to  make.  The  automatic  as- 
International  Resistor  Company,  sembly  design  permits  the  user  to 
The  resistor  was  designed  for  easy  mount  the  resistors  for  less  money 
feed  and  mounting  in  automatically  and  thereby  receive  a  further  coat 
assembled  printed  circuit  boards,  reduction. 


WaTciorm  Is  ditplaysd  on  th*  scop*  by 
picking  up  tha  •l•ctro■tatic  Hold  around 
a  componont 


Resistor  Legs 

The  legs  decrease  the  heat  con¬ 
ducting  contact  area  Ijetw’een  the 
printed  circuit  board  and  the  re¬ 
sistor.  The  resistance  element  is 
uniformly  and  tightly  wound  on  a 
glass  fibre  core.  Tinned  copper 
leads  are  .sealed  in  a  rectangular 
ceramic  ca.se  with  special  cement  to 
protect  and  insulate  the  resistor. 
Induction  is  0.17  /ih  for  the  5  ohm 
resistors,  8  /ih  for  the  2,400-ohm  re¬ 
sistors  and  33  /xh  for  the  9,000-ohm 
resistor.  International  Resistance 
Company,  Boone  Plane,  Box  393, 
North  Carolina. 


an  effective  differentiator.  The  fre¬ 
quency  range  exhibiting  this  effect 
depends  upon  the  network  time 
constant.  At  frequencies  in  the 
audio  range,  however,  the  ability 
of  the  test  circuitry  to  display  a 
usable  wave  form  is  determined 
only  by  input  amplitude  and  coup¬ 
ling  efficiency. 


ResUtor  legs  make  a  stable  mount  ior 
automatic  assembly  on  printed  circuit 
board 


Ease  of  Testing 

Considerable  time  is  saved  with 
the  oscillo.scope  since  it  is  not  nec¬ 
essary  to  pull  any  tubes  or  remove 
the  cha.ssis  to  check  the  signal  at  a 
particular  tube.  Performance  of 


It  is  a  wire  wound  resistor  and  has 
a  maximum  dissipation  of  5  w  when 
mounted  on  a  105  C  printed  circuit 
board  or  7  w  at  105  C  in  air. 
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DIELECTRIC  CONSTANT 


Design  of  3^-inch  coax  switch  to  handie  55  KW 
made  possible  by  Du  Pont  TEFLON® 

TFE-fluorocarbon  ratint 


When  increased  power  allocations  by  the  FCC 
resulted  in  the  ne^  for  a  switch  to  handle  greater 
powers  and  higher  frequencies,  engineers  of 
Thompson  Products,  Inc.,  were  faced  with  a  major 
redesign  problem.  It  looked  as  though  the  higher 
requirements  would  make  their  new  multi-posi* 
tion  switch  for  3  Vi"  rigid  coaxial  line  obsolete. 
Needed  were  models  that  could  handle  SS,000 
watts  of  average  RF  ]x>wer  and  could  cover  the 
full  UHF  band  to  lOOO  megacycles.  The  problem 
was  solved  by  changing  to  a  TFE-fluorocarbon 
resin  for  the  dielectric. 

Both  electrical  and  mechanical  properties  of 
TFE  resins  proved  important  in  this  design.  The 
resin  is  used  to  make  sheet  dielectric  for  backing 
the  grounded  connector  plate  and  a  strong  shaft 
for  turning  the  switching  bar.  One  of  the  biggest 
problems— impact  cracking— was  entirely  elimi¬ 
nated.  In  addition  to  their  unique  UHF  proper¬ 
ties,  TFE  resins  have  a  Class  H  temperature  rating. 
260°C.  continuous  rating  permits  increased  oper¬ 
ating  temperatures  in  the  switch.  The  extremely 
low  dielectric  constant  of  TFE  resins  is  a  natural 
for  this  microwave  design.  TFE  resins  have  a  mini¬ 
mum  dissipation  factor,  unexcelled  by  any  other 
solid.  Characteristic  curves  for  these  electrical  fac¬ 
tors  show  that  they  remain  flat  with  regard  to  both 
temperature  (sec  graph)  and  frequency  (60  cps  to 
2000  me). 

This  remotely  controlled,  motor-operated  switch 
is  another  example  of  the  use  of  Du  Pont  TFE 
resins  to  assure  RELIABILITY  and  SAFETY  in  elec¬ 
tronic  operations.  We  will  be  glad  to  send  you 
information  covering  design  data  and  applications 
of  these  outstanding  dielectric  materials. 

Write  to:  E.  I.  du  Pont  de  Nemours  &  Co.  (Inc.), 
Polychemicals  Dept.,  Room  175,  Du  Pont  Build¬ 
ing.  Wilmington  98,  Delaware. 

In  Canada:  Du  Pont  Company  of  Canada  (1956) 
Limited,  P.  O.  Box  6W,  Montreal,  Quebec. 
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TEMPERATURE .  *0 


UPON! 
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FLUOROCARBON  RESINS 


D  E  S  I  e  N 

5?  ■■'/ft.-: 


N  EW  S 


TV  TRANSMITTER  SWITCH  handles  high  powers  with  very  low  loss 
thanks  to  a  machined  layer  of  TFE-lluorocarbon  resm  Reverse  side 
of  connector  plate  shows  coaxial  core  connections  through  layer 
of  TFE  resin  A  flat  metal  bar  (not  shown)  switches  power  from 
top  input  connection  to  three  outputs.  Graph  of  properties  shows 
why  dielectric  losses  remain  tow  regardless  of  operating  tempera¬ 
tures  Switch  ts  made  by  Thompson  Products.  Inc..  Electronics  Divi¬ 
sion.  Cleveland.  Ohio;  and  distributed  by  Andrew  Corp.,  Chicago.  III. 


OIRLICTRIC  CONSTANT 
AND 

DISSIPATION  FACTOR 
OP 

TFI-fluorocarbon  ra»ln» 


vs.  TRMPBRATURS 


TEFLON® 

is  a  registered  trademark . . . 

TEFLON  is  Du  Font’s  registered  trademark  for 
its  fluorocarbon  resins,  including  the  TFE  (tetra. 
Huoroetbylene)  resins  discussed  herein. 
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each  tube  can  be  observed  while  op¬ 
erating  in  its  own  circuit  and  all 
checking  can  be  done  from  top-side 
— the  most  accessible  place  to  test 
the  signal  at  a  tube. 

Sensitivity 

Any  combination  of  12  tuned  cir¬ 
cuits  from  3  me  to  240  me,  with 
band  widths  up  to  5  me  can  be  in¬ 
stalled  in  the  unit.  These  tuned  cir¬ 
cuits  add  to  the  unit  a  .sensitivity 
of  200  /iV  per  inch  at  most  frequen¬ 
cies.  Built-in  detector  circuits  pre¬ 
clude  the  necessity  for  an  external 
detector.  Both  the  tuned  circuits 
and  detector  can  be  by-passed 
with  a  switch  on  the  front  panel. 
This  allows  the  input  to  be  applied 
directly  to  the  scope  vertical  ampli¬ 
fier  which  has  a  .sensitivity  of  2  mv 
per  inch  or  approximately  10  to  1 
over  conventional  oscilloscope  sensi¬ 
tivity. 

Testing  Shielded  Circuits 

Making  a  test  which  requires 
physical  contact  is  often  very  diffi¬ 
cult  with  shielded  equipment.  An 
example  is  a  weather  radar  IF  strip 
in  air-borne  equipment  which  has  a 
shield  plate  on  the  bottom  of  the 
IF  section.  When  this  plate  is 
removed  it  upsets  the  circuitry  so 
a  definite  check  of  the  defective 
stage  by  conventional  methods  is 
time  consuming  and  often  mislead- 


A  direct  prope  can  be  used  to  conTert 
to  a  highly  leneitive  direct-contact  scope 

ing.  By  looping  the  ring  probe  over 
the  successive  stages  while  the  plate 
shield  is  intact,  the  defective  stage 
can  be  isolated  and  the  plate  re¬ 
moved  for  further  inspection  of  the 
circuit.  Another  example  is  cou¬ 
pling  in  aeronautical  direction  find¬ 
ers.  Remote-control  tuning  auto¬ 
matically  selects  frequency  in  the 
finders.  If  the  circuits  are  loaded 
by  a  physical  connection,  bridge 
balance  is  distributed  and  the  unit 


hunts  trying  to  find  a  stable  condi¬ 
tion.  The  ring  probe  eliminates  this 
problem  and  isolates  the  stage  with¬ 
out  any  chance  of  misinterpretation 
by  unstable  circuits. 

A  direct  probe  accessory  converts 
the  unit  to  a  highly  sensitive  con¬ 
ventional  scope.  Kingston  Kler- 
tronic  Corp.,  Medfield,  Mass. 


Pen  Recorder 

Accessory  Transducers  Add 
Versatility  to  Pen  Recorder 
at  Practical  Cost 

The  recording  mechanism  of  a  pen 
recorder  is  the  same  regardless  of 
whether  it  displays  a  d-c  voltage 


FIG.  1 — Jeweled  pivot*  convert  curvi¬ 
linear  motion  oi  the  galvanometer  move¬ 
ment  to  rectilinear  motion.  Rectilinear 
pen  recording*  have  the  *ame  *hape  a* 
a  plotted  graph  and  con  be  meaeured 
with  a  *traight  edge  ruler. 


or  an  a-c  line  frequency.  It  is  the 
transducing  element  Vvhich  mu.st  be 
changed  to  record  different  kinds 
of  information. 

Ordinarily  a  complete  recorder 
must  be  purchased  for  each  differ¬ 
ent  type  of  measurement.  The 
complete  recorder,  because  of  its 
precision  must  be  much  more  ex¬ 
pensive  than  the  tran.sducing  ele¬ 
ment  which  converts  the  desired 
measurements  into  a  suitable  re¬ 
corder  input. 

Texas  Instruments  felt  they  could 
expand  their  customer  potential  by 
manufacturing  accessory  transduc¬ 
ers  and  eliminating  this  unneces¬ 
sary  added  expense.  Each  acces.sory, 
when  connected  to  a  parent  re- 


KEY  ENGINEERING 
OPENINGS 
AT  VOUGHT 


ELECTRONICS  J 

Electronics  activities  are  broad  and  fast- 
KrowinK  at  Chance  VouRht.  Prolccts  in¬ 
volve  advanced  Ruidance  and  control  and 
(ire  control  systems  for  missiles  and  high- 
performance  manned  aircraft.  They  begin 
with  investigations  and  theory  and  pro¬ 
gress  through  systemization  and  packag¬ 
ing  to  detailed  hardware  design.  Key 
responsibilities  await  additional  men  who 
are  qualified  in  these  areas.  Advanced 
degrees  are  preferred.  Following  are  4 
openings  in  this  area: 


Stability  and  Control  Engineer.  E.E.,  M.E., 
or  A.E.  with  emphasis  on  flight  stability 
and  control  problems  or  dynamics.  (Spe¬ 
cial  consideration  given  graduate  study 
or  extensive  experience  in  transients  or 
closed  loop  stability  analysis.)  To  assist 
in  design  of  autopilot  and  control  systems 
for  high-performance  missiles  and  aircraft. 

Antenna  Des^n  Engineer.  E.E.,  or  Phys¬ 
ics  Degree  with  demonstrated  aptitude  for 
antenna  design.  To  join  active  projects 
involving  design  of  flush-mounted,  re¬ 
cessed  and  external  antennas  at  all  fre¬ 
quencies  for  very  high-performance  air¬ 
craft  and  missiles. 

Fire  Control  and  Microwave  Systems  Engi¬ 
neer.  Requires  E.E..  or  Physics  Degree; 
at  least  2  years  experience  in  radar,  data 
link,  or  fire  control  systems;  and  strong 
ability  in  this  work. 

Test  Equipment  Engineer.  Requires  E.E., 
or  Physics  Degree  and  at  least  2  years 
experience  in  this  or  related  field.  (Desir¬ 
able:  broad  background  in  electronics 
design  with  emphasis  on  digital  computers 
or  microwave  systems.)  To  join  in  the 
design  of  complete  checkout  systems  for 
missiles  and  associated  subsystems. 


To  arrange  for  a  personal  interview,  or  for 
a  prompt  report  on  these  or  other  current 
opening.s,  return  coupon  to: 


j  C.  A.  Besio 

I  .Supervisor,  F.ngineering  Personnel 
I  CHANCK  VOUGHT  AtRCRAFT. 

I  Dvpi.  R7 

I  Dallas,  Texas 

j  I  am  a  _  F.nfineer, 

I  interested  in  the  opening  for _ _ 

I  Name  .  .  .  . .  . 

I  I  Address  -  - - - 

j  j  City _  State 
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Vought  Vocabulary 


when  round-trip  missiles 
save  taxpayers  $102,950,000 


Regulus  I  has  armed  submarines,  cruisers  and  carriers 
with  a  nuclear  punch  since  1955.  Regulus  II,  with  a 
range  of  more  than  1,000  miles  and  able  to  exceed  twice 
the  speed  of  sound,  soon  will  join  the  Navy’s  underwater 
and  surface  Nuclear  Fleet. 

Scientists  and  engineers:  pioneer  with  Vought  in  new  missile, 
manned  aircraft,  and  electronics  programs.  For  details 
on  select  openings  write  to:  C.  A.  Besio,  Supervisor, 
Engineering  Personnel,  Dept.  R>7. 


Most  missiles  land  head-first  —  and,  like  a  bomb,  just 
once.  This  destruction  is  desired  in  a  missile  strike,  but 
it  makes  development  costly.  Scores  of  missiles  often 
are  expended  before  development  problems  are  solved. 

Vought’s  Regulus  I  and  II  reduce  this  expense  by 
their  dual  application.  Tactical  versions  of  these  guided 
missiles  can  strike  head-on,  with  a  devastating  nuclear 
wallop.  Test  and  training  versions,  used  in  development, 
can  be  recovered  to  fly  again. 

One  Regulus  was  flown  and  recovered  18  times . . . 
another  made  16  successful  flights.  Six  hundred  recov¬ 
eries  of  both  missiles  have  saved  $102,950,000  and 
gained  an  inestimable  quantity  of  technical  data. 


corder,  provides  the  proper  cir¬ 
cuitry  for  performinff  the  same 
task  as  a  one-package  pen  recorder. 
And  a  parent  recorder  can  be  used 
with  as  many  different  accessories 
as  desired.  Overall  accuracy  of  a 
recorder-accessory  combination  is 
two  percent.  It  is  the  sum  of  a  one 
percent  accuracy  for  the  recorder 
and  a  one  percent  accuracy  for  the 
accessory. 


Electrical  Parameters 

Accessories  for  recording  seven 
different  electrical  parameters  are 
available  at  the  present  time.  A 
seven  range  nc-dc  voltaye  mfmitor 
with  a  minimum  of  1  v  to  give  a 
10  percent  deflection  and  a  maxi¬ 
mum  of  1000  V  to  give  full-scale  de¬ 
flection;  a  seven  range  ac  current 


5  WAH 
CENTRALAB 
WW  SERIES 
WIREWOUND 


hesistXnce 

ST«IP 


METAl  CASE 


CENTIALAB 

THE8MO-PASS 

INSULATION 
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CASE' 
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k  PLASTIC  CASE 
^  WIREWOUND 


INSULATING 
LINER  _ 


'2  WAH 

CONVENTIONAL 
metal  case  a 
WIREWOUND  A 


PLASTIC 

CASE 


RESISTANCE 
-  STRIP  — 


As  you  know,  the  rating  and  size  of  a  variable 
resistor  depends  upon  the  speed  with  which 
beat  can  be  transferred  from  the  resistance  ele¬ 
ment  to  the  atmosphere.  Centralab  ’’thermo- 
pass”  insulation  combines  exceptional  heat 
transfer  with  a  dielectric  strength  of  4500  volts 
per  mil  at  C.  Result:  WW  and  WN  Series 
variable  resistors — conservatively  rated  5  watt 
units  that  are  smaller  than  conventional  2 
watt  units. 

•  Only  V/il'  diameter  by  deep. 

•  Resistance  range,  1  ohm  to  15K  ohms; 
linear  taper. 

•  295°  rotation,  stop  strength  15  inch 
pounds. 

•  Minimum  life,  25,000  complete  cycles. 

•  Totally  enclosed  elements. 

For  a  detailed  list  of  the  33  values  in  either  long 
shaft  (WW  Series)  or  short  shaft  (WN  Series) 
available  from  your  distributor,  ask  hun  for  a 
copy  of  Catalog  30,  listing  the  full  line  of 
Centralab  products  ...  or  write  to  us  for  your 
free  copy. 


Accessory  transducers  enable  the  writ¬ 
ing  mechanism  oi  one  pen  recorder  to 
be  used  for  many  diiierent  types  oi 
measurements  Unnecessary  duplication 
oi  the  high  cost  writing  mechanism  is 
eliminated. 


monitor  which  mea.sures  from  a 
minimum  of  250  ma  full-scale;  a 
line  frequency  monitor  to  measure 
frequency  deviation  in  three 
ranges,  45-55,  55-65  or  575-425  cps ; 
an  expanded  scale  a-r  line  voltaqe 
monitor  to  measure  80-150  v,  160- 
260  V  or  520-520  v  rms;  an  a-c  cur¬ 
rent  monitor  in  any  single  range 
of  the  seven  range  a-c  monitor; 
and  a  line  service  monitor  which 
combines  in  a  single  accessory  a 
line  voltage,  current,  and  frequency 
monitor. 


ACTUAL  SIZE 
WN  SERIES 


A  DIVISION  OP  CIOSE-UNION,  INC. 
9UEE.  REEfE  AVE.  •  MIINAUKEE  1,  WIS. 
Is  (tss4s:  M4  Ml.  PiMMRt  M.  •  Tsrssis,  Ostsrls 


Parent  Pen  Recorder 

A  galvanometer  movement  is 
used  to  drive  the  writing  pens.  To 


VARIABLE  RESISTORS  •  RACKAOED  ELECTRONIC  CIRCUITS  •  ELECTRONIC  SWITCHES 
CERAMIC  CAPACITORS  •  ENGINEERED  CERAMICS  •  SEMI-CONDUCTOR  PRODUCTS 
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Compact  CONSOLE 


Free  Literature 


the  leading 
contender 
in  the  sensitive 
relay  class! 


Single  source  tor  — 
INJECTION  MOLDING 
MOLD  MAKING 
all  SECONDARY 
OPERATIONS 


MIGHTY  SERIES 

Comport  it  end  you'll  knew  why 


★  .975"  *  .975"  X  IVt"  high 
it  Up  tt  DPDT-  2  anp.  28V.  DC.  115V  AC 
it  Ssntitivity  down  to  6  milliwatts 
it  Cail  Resist,  up  to  20.000  ohms 
it  Will  meet  MIL-R  5757C 


Procition  plostic  meldinq  to  I 
moot  ye«ir  onqlnooring  and 
production  roquiromontt. 

SpocioliiH  to  tha  radio,  aloe* 
tronic,  olactrical  manufac- 
turinq,  and  alliad  induttriat.  - - ^ 

Sava  monay  and  improva 
appaaranca  by  having  mora 
ot  your  parts  and  products 
injaction  motdad. 

Writa  today  for  naw  color 
foldar  tkowino  tsamplai 
our  work  and  facilitiai.  Also 
sand  skatekas.  drawings  or 
samplas  of  work  you  would 
lika  to  ordar  in  plastic  for 
anginaar's  racommandations 
at  no  obligation. 

'Enginaars  in  Plastics” 


Tha  lotast  addition  to  o  lina  of  miniotura 
harmalkolly  saolad  sansitiva  raloys,  tha  naw 
Kurmon  Series  "T"  weighing  only  3V^  oi., 
is  now  ovoilobla— the  mighty  midget  of  the 
sansitiva  class.  Rodicolly  different  in  design, 
you  will  find  the  Series  "T"  to  be  superior 
in  performance  —  economically  priced  with 
excellent  delivery  service 

Why  not  specify  tha  Series  "T"  for  your 
next  sansitiva  relay  application  and  check 
its  performance  for  yourself?  Writa  to 
Dept.  E  for  detailed  specification  sheet. 

VISIT  BOOTH  S16-AUTOMATION  SHOW 


iwenson  co.,  inc. 


Divition  ol  NorbAit*  Corp. 

Ouo/ity  ffafoyt  Sine*  1928 
191  N«w«ll  Strppt,  Brooklyn  22*  Now  York 
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556  Elm  Straat 
Arlington,  N.  J, 
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Pugged  355-C  control 
relay  meets  or  exceeds 
the  following  : 

Shock  test:  Total  of  18  impact 
shocks  of  IS  G's. 

Water  tightness:  submerged  in 
tap  water  at  a  pressure  of 
mercury  for  5  minutes. 
Dielectric  strength:  1000  volts 
RMS  at  insulated  parts. 


MODEL  3S5-C 
METER-RELAY 


NO  SPfCrAir 

^.Skills; 

^Nfforp  "r 


Want  'em 


Now  you  can  afford  a  real,  full  concert  oryan,  just 
like  Ihose  made  by  the  foremost  ornan  manufac¬ 
turers  Because  over  Vi  the  cost  is  saved  when  you 
assemble  it  yourself  And  it's  REAllV  EASY  only 
74  separate  units,  all  with  printed  circuits,  and 
detailed'to  the  smallest  step  instructions  In  addi¬ 
tion.  you  purchase  each  of  the  74  kits  when  you  are 
leady  lor  it  —  and  can  afford  it 
You'll  (et  a  real  kick  out  ol  pulling  the  Schober 
Electronic  Organ*  together  —  and  then  silting  down 
and  p’ulling  the  stops  lor  Strings,  Trumpets.  Clar¬ 
inets.  Diapasons,  Flutes,  etc.  Electronic  Percussion 
optional;  chimes  available. _ 


1  ,,•••*  Vibration:  Survives  10-55-10  cps, 

**••••  .060  amplitude,  1  minute  cycle, 

©1  hour,  3  axes. 

Corrosion:  Passes  50  hour  salt 
spray  (OQ-M-151a,). 

Contacts:  Rated  100  Ma,  in¬ 
sulation  to  signal  coil  rated  300 
volts  DC. 

Description:  Has  a  set  of  con¬ 
tacts  in  series  with  leaking  coil. 
Signal  and  locking  coil,  both  on 
moving  structure,  lock  pointer 
contacts  positively.  Resets  when 
UP  TO  20,000.000  OPERATIONSIII  contact  circuit  is  interrupted. 


One  ol  the  many  exclusive  features  of  this  excep¬ 
tional  organ  is  the  handsome  console,  in  a  wide 
variety  of  finishes  It  is  equally  at  home  in  a  tradi¬ 
tional  or  modern  setting,  and  takes  little  more  space 
than  a  spinet  piano. 


Complete  descriptive  booklet  and  price  list  are 
available  on  request  And.  if  you  wish  to  hear  the 
glorious  pipe  organ  tone  of  the  Schober  Electronic 
Organ,  a  10"  long-playing  demonstration  recording  is 
available  for  $7.  This  is  refundable  when  you  order. 
Write  today  and  see  what  a  fine  instrument  you  can 
get  at  such  a  i.'fat  -..ivi'^,: 


I^rodu-cL s  Irxo< 

PBiBM  Chesterland  4,  Ohio 

Booth  »U,  AFCEA  Show 

Shoraton  Pork  Hotut,  Washington,  D.  C.  Juno  4-6. 
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2X4BBII  Broadway,  New  Vorh  24,  N.  Y. 

*0esigned  by  Richard  H  Oorf  I 
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convert  the  curvilinear  motion  ob¬ 
tained  from  the  tfalvanometer  to  a 
true  rectilinear  motion,  a  special 
pen  linkasre  was  designed.  It  writes 
the  sifrnal  in  its  true  shape  on  a 
rectilinear  chart.  Time-consuminp 
interpolations,  computations,  and 
curvilinear  illusions  are  eliminated, 
and  sitrnal  majrnitudes  can  be 
measured  with  a  ruler. 


FREE  facts  brochure 
on  the  Gliri® 
Ultra-Stable  Voltage 
Source ! 


Straight-Line  Motion 

The  writinj?  pen  arm  MT,  Kijf. 
1  is  attached  to  the  .swintrincr  end 
of  the  galvanometer  arm  P(r  at 
point  P.  The  pivot  point  for  the 
galvanometer  is  t;.  Distances  /’.I/ 
PT,  and  PCI  are  ecpial,  therefore  if 
M  is  limite<l  to  fore-and-aft  m(>- 
tion  along  line  MG,  the  pen  point 
T  will  always  hav€‘  motion  perpen¬ 
dicular  to  MG.  In  the  Texas  In¬ 
struments’  recti/rite  system  the 
principle  has  been  mf>dified  so  PG/ 
PM  equals  PM/PT. 

Paper  is  fed  over  a  flat  “writing 
desk”  permitting  chart  notations 
while  the  unit  is  recording.  Ten 
.separate  chart  speeds  are  available 
to  the  operator  for  recording. 
Texas  Instruments  Inc.  Industrial 
Instrumentation  Division,  :t609 
Buffalo  Speedway,  Houston,  Texas. 


SmiFICATIONS! 


Metal  Film  Microwave 
Attenuator  Cards 


Resi.stance  cards  have  been  ex¬ 
tended  to  include  highly  stable 
microwave  attenuator  material.  The 
ba.se  is  a  fine  weave  glass  cloth  im¬ 
pregnated  with  high  temperature 
thermo.setting  resin.  It  meets  MII..- 
P-18177.  The  resistance  material 
is  a  thin  metal  film,  approximately 
50  millionths  of  an  inch  thick,  uni¬ 
formly  deposited  on  one  surface  of 
the  plastic.  A  protective  coating  is 
provided  over  the  metal  film. 

The  combination — of  a  metal  re¬ 
sistance  film,  deposited  on  a  lami¬ 
nated  fibre  gla.ss  pla.stic  ba.se  which 
is  dimensionally  stable  and  has  low 
moisture  absorption — offers  g(M)d 
microwave  attenuator  material. 
Maximum  surface  temperature 
should  be  limited  to  150  C. 

Standard  resistance  cards  are 
5  X  12  inches  and  0.025,  0.052,  or 
0.062-inches  thick.  Filmohm  Corp., 
48  W.  25  Street,  N.  Y.  10,  N.  Y. 


Here’s  a  product  brochure  you  will  appreciate  for  its 
straight-forward  contents  and  practical  application  infor¬ 
mation.  The  illustrated  excerpts,  shown  here,  indicate  the 
type  of  clear,  organized,  tradeworthy  material  it  contains. 
ELIN  stability  and  characteristics  specifications,  while 
unusual,  are  realistic.  The  advanced  circuitry  and  tech¬ 
niques  which  make  these  possible  are  revealed  in  the  new 
ELIN  brochure. 

The  outstanding  voltage  stability  described  and  the  fact 
that  the  ELIN  equipment  meets  or  exceeds  these  values, 
has  made  it  preferred  equipment  for  “systemating"  with 
other  equipment  wherever  an  ultra-stable  voltage  source 
must  play  a  critical  role.  Brochure  information  further 
proves  ELIN’s  performance,  compatibility  for  systems 
integration,  reliability  and  trouble-free  service! 

For  your  copy  of  this  helpful  ELIN  informa¬ 
tion-write  for  Free  ELIN  Brochure  #1614. 


TESTS,  CHARTS, 
STABILITY  INFORMATION 


eiirfe®  /  ELECTRONICS 
INTERNATIONAL  CO. 

145  West  Magnolia  Boulevard  *  Burbank,  California 


Special  Products  Division,  International  Electronic  Research  Corporation 
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Now  POSITIVE  ACTION  SWITCHES 

.  .  .  another  first  from  ^ 


Cutler-Hammer 

•  Wiping  contacts  insure  perfect 

switching  for  very  low  energy 
circuits  | 

•  Positive-break  action  insures  safe, 
reliable  switching  with  higf. 
energy  circuits 

•  Direct  toggle-to-contact 
mechanism  guarantees  switching 
action 

•  First  totally  enclosed,  environment 
proof  toggle  switch 

•  1*  lever  throw  opens  circuit 

•  Positive  detent  action  prevents  | 

switch  teasing  | 

•  New  insulating  material  gives  3 

times  greater  arc  tracking 
resistance  ^ 

•  Greater  terminal  clearance  for 
easier  wiring 

•  Improved  bushing  seal  is  molded 
in  place. 


C  • 


Precision 

Potentiometers 

by  RATTRAY 


Cutt«r-namm«r  tlngla,  dou- 
bit,  and  four  pola  Potttiva 
Action  Switchaa  art  availabla 
In  unlimitad  circuit  arranga- 
manta  . . .  aingla  throw,  dou- 
bla  throw,  momantarlaa,  ate. 
For  datallad  information, 
writa  for  Publication  EA-168. 
CUTLER-HAMMER  Inc., 
1230  St.  Paul  Avanua,  Mil* 
waukaa  t,  Wiaconaln. 


ICUTLER'HAMMER 


=  MOTOR  CONTRPU^ 
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rom  UEST  ttl  Y! 

Vitreous  Enameled 


MIL  26  GRADE  AT  COMMERCIAL  PRICES 

Your  inquiry  or  drawing  will  bring  quotations 
— samples  on  request. 

.>IIL%VAI  KKK  Kfr:KI^TOII  t  o. 


702  W.  Virginia  Street 


Milwaukee  4,  Wisconsin 
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McGraw-Hill  Mailing  Lists  Will  Help  You 


McGRAW-HILL 

DIRECT  MAIL  LIST  SERVICE 


e  McrchandlM  yavr 
odirartUiiig 
e  Canduct  tarvays 
e  Cal  laealrlas 
and  lauds  las 
yaas  talaMsian 
e  fla-paiat 

uaafsuahlcal  as 
fancflaml  eraaa* 
a  Sail  Dir.cl 

a  aaiM  aa 

wauh  Imilaslat 
a  Aid  Daolat 
ralatlaut 


OIracI  Moll  is  a  aacatiory 
sapplawaat  la  a  wall  raaadad 
tasinau  fopas  advartlslua 
psaaroM. 

Mast  praaratilva  caupaalat 
allasala  a  partian  af  Ihalr  ad 
badfals  la  Ikls  sasaad  madlaai 
at  Ilia  tama  liaia  at  rkay 
caacaflirata  aa  iha  bast  bail- 
aats  pablicaliant. 

600,000  af  lha  tap  baylaa  la- 
flaaacat  In  tba  llaldt  cavasad 
by  tha  McOsaw.Hill  pabllca- 
Haat  aiaka  ap  aar  ISO  aialllna 
llttt.  Pick  Taar  psatpavH  aal 
af  aas  Indaiisial  Diract  Mail 
catalaaaa. 


Wrlia  fas  yaas  fraa  capy  af  aas  ludatfslal 
Diract  Mall  catalafaa  aHHi  caaylafa  lafasmatlap 


•  MINIATURE  TYPES 

•  SUB-MINIATURES 

•  MULTI-GANG  UNITS 

•  STANDARD  TYPES 


—  featuring 


•  HIGH  ACCURACY 

•  LOW  TORQUE 

•  EXCELLENT 

RESOLUTION 

•  LOW  NOISE 

Rattray  experience-engineered 
precision  potentiometers  are 
supplied  in  types  that  meet  most 
electronic  applications.  Com¬ 
plete  research  and  development 
facilities,  and  unique  winding 
techniques,  make  it  possible  to 
produce  custom  designs  to  the 
most  critical  military’  and  com¬ 
mercial  specifications.  All-metal 
construction  of  mounting  and 
aligning  surfaces  provides  pre¬ 
cise  mechanical  interchange- 
ability.  Precise  electrical  per¬ 
formance  is  obtained  by  detailed 
quality  checks  throughout  pro¬ 
duction.  Special  winding  ma¬ 
chines  assure  high  resolution 
and  function  accuracy. 


New  Handbook 
Available  — 

28  pages  of  engi¬ 
neering  data  on 
Rattray  precision 
potentiometers 
with  helpful  tech¬ 
nical  information 
for  designers  and 
engineers. 


Call  or  write  Rattray  now  for 
catalog  or  quotations  on  your 
potentiometer  applications. 

GEORGE  RATTRAY 
&  COMPANY 

A  Division  of  Hardwick,  Hindis,  Inc. 

116-08  MYRTLE  AVENUE 
RICHMOND  HILL  18.  N.  Y. 
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PRODUCTION  TECHNIQUES 


Triangular  Chassis  Cuts  TV  Production  Costs 


Bv  ^  ,  R.  PETRK.K  and  L.  R.  TRAV  IS,  Television-Radio  Division,  Westlnghouse  Electric  Corp.,  Metuchen,  N.  J. 


Relatively  massive  tv  chassis  (leit)  has  been  replaced  by  a  lighter,  less  costly  tri¬ 
angular  chassis  (right)  which  irames  the  picture  tube  and  printed  circuit  board 


Lighter,  more  economical  television 
receiver  chassis  design  has  evolved 
from  the  concept  of  a  triangular 
structure  to  support  the  cathode 
ray  tube,  use  of  printed  circuit 
boards  and  elimination  of  conven¬ 
tional  deflection  yoke  supports. 

The  triangle  consists  of  the 
chassis  as  the  base,  the  crt  as  one 
leg  and  channel  section  brace  as  the 
other  leg.  A  triangle  is  inherently 
rigid.  Further,  each  leg  of  the  de¬ 
sign  is  functional:  the  chassis  car¬ 
ries  most  components,  the  tube 


strengthens  the  chassis  and  the 
tuner  is  mounted  on  the  brace. 

This  design  concept  and  subse¬ 
quent  refinements  have  decreased 
weight  3  pounds  and  lowerefl  chas¬ 
sis  costs  some  20  per  cent,  in  3 
years,  despite  a  steady  rise  in  the 
cost  of  basic  materials.  Tooling 
costs  are  lower  because  of  parts 
standardization.  The  one  basic 
cha.ssis  (with  varied  side  support 
and  brAce  lengths)  is  u.sed  in  4  tv 
set  models:  manual  and  pr)wer 
tuned  90  and  1 10-degree  tube  mod¬ 


els.  The  horizontal  cha.ssis  simpli¬ 
fies  wiring  and  .service. 

Printed  circuit  boards  permit  the 
frame  to  function  as  a  cha.s.sis,  pro¬ 
moting  lightne.s.s,  flexibility,  low 
tooling  costs.  However,  since  the 
board  does  not  carry  all  compo¬ 
nents,  a  small  plate  is  provided  on 
the  frame.  The  plate  also  .stiffens 
the  frame. 

The  l)oard  is  mounted  with  tri¬ 
mount  .studs,  which  are  relatively 
low  in  cost,  easy  to  assemble  and 
prevent  board  cracking  by  allowing 
motion  l>etween  the  board  and  the 
frame.  Large  board  size  (8  13/16 
inches  by  Hi  inches)  is  made  pos¬ 
sible  by  metal  supports  joining  the 
center  shields  of  each  tube  socket. 
The.se  provide  rigidity  needed  for 
tube  in.serti«)n  and  extraction,  pre¬ 
vent  warping  during  dip  soldering 
and  give  a  gcsjd  electrical  ground. 

Using  a  single  large  Iward  rather 
than  .several  smaller  boards  reduces 
board  proce.ssing  costs  and  wa.ste 
space  and  al.so  avoids  interconnec¬ 
tion  costs  and  errors. 

To  use  the  crt  as  one  triangle 
leg,  a  tube  mounting  was  devised 


DESIGN  TRENDS;  High  Density  Component  Sticks 


Extrem*  mialaturixatioa  through  moximuni  componont  density  and  •limlnation  oi  modulo  racks  and  support  structures  is  the 
aim  oi  this  packaging  design  developed  by  Francis  Associotes,  Marion,  Moss.  The  protect  is  supported  by  Massachusetts  Institute 
oi  Technology's  Instrument  Laboratory.  Technique  allows  density  up  to  130  components  a  cubic  inch.  A  S, 000- transistor  computer 
would  occupy  to  Vk  cubic  loot.  Sticks  of  components  are  built  up  by  subminiature  tube  welding  techniques.  At  left  is  experimental 
stick  contoining  36  interconnected  digital  switches.  At  right  are  subassemblies.  Potting  sticks  in  resin  gives  them  a  strength  like 
reinforced  concrete.  End  equipment  would  be  assembled  as  diagrammed.  Interleaved  sheets  of  foil  would  carry  heat  to  cold  plote 
which  would  also  act  as  mounting  bose 
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YOU’VE  GOT  TO  HAND  IT  TO  ENGINEERING! 


for  quality  and  precision  manufac¬ 
turing  ...  a  reputation  built  up  over 
more  than  50  years.  That’s  why 
Kester's  the  preferred  choice  of  a 
great  majority  of  electronic  manu¬ 
facturers.  Engineers  know  that  a  few 
pennies  saved  on  a  “second-line” 
solder  product  can  waste  dollars! 


You’ve  got  to  hand  it  to  the  engi¬ 
neering  profession.  The  “slide-rule" 
boys  know  quality  when  they  see  it 
.  .  .  and  they  won’t  be  satisfied  with 
anything  less.  Take  solder,  for  ex¬ 
ample.  Engineers  depend  on  Kester 
Flux-Core  Solder  in  their  work  be¬ 
cause  they  know  Kester’s  reputation 


SEND  TODAY  for  your  copy 
of  the  78  page  Kester  Text¬ 
book,  “Solder  ...  Its  Funda¬ 
mentals  and  Usage.”  It’s  Free. 


4204  Wrightwood  Avenue,  Chicago  39,  Illinois 
Newark  5,  New  Jersey,  Brantford,  Canada 
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Triangular  itructure  a>Mmbl*d  with 


New  Sub- Miniature  Size 


tub*  straps  in  place 
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.MATER  SPRAT, 


electrolyte 

IN  PORES 
OF  metal 


MATER 

SPRAY 


MATER 


crt,  a  slotted  sleeve  on  the  yoke 
back  cover  is  clamped  to  the  crt 
neck.  A  properly  sized  aluminum 
clamp  limits  pres.sure  on  the  neck. 

The  third  leg,  the  brace,  connects 
the  top  of  the  tube  strap  with  the 
cha.ssis  frame.  It  stiffens  the  crt 
BupiK)rt,  avoiding  u.se  of  costlier 
structures  to  hold  up  the  tube’s 
rear.  A  weld-b«dt  joins  it  to  the 
strap  and  it  is  fastened  at  the  bot¬ 
tom  with  self-tapping  screws. 


.electrolyte 


I«t  spray  (lop)  loavos  •loctrolyte  in  poros 
ior  lator  romoTal  by  soakiaq  (bottom) 

Washing  electrolytes  from  .semi¬ 
conductor  devices  after  junctions 
have  been  etched  pose  several  pro¬ 
duction  problems.  Determinations 
must  be  made  of  final  cleanliness, 
while  bearing  in  mind  production 
requirements  for  speed  in  cleaning 
and  water  conservation. 

The  'oest  method  of  washing 
semiconductor  devices  is  a  water 
jet  spray  followed  by  a  .soaking. 
The  jets  remove  the  bulk  of  the 
electrolyte  and  .soaking  cleans  out 
the  residue  in  the  metals’  pores. 
Deaereated  water  is  needed  to  avoid 
air  bells  which  would  block  water 
from  the  pores. 

Four  to  6  commercial  jet  sprays 
arranged  in  a  circle  suffice  for  pre¬ 
liminary  cleaning  of  a  normal  /m 
germanium  rectifier.  Two-dot  tran¬ 
sistors,  such  as  GK’s  pnp,  require 
that  the  jets  cover  both  dots  at  once 
and  the  germanium  itself.  Soft  or 
tap  water  may  be  u.sed  in  some 


FOR  EASIER  MOUNTING 


ji  f. 

SINGLE-PHASE 


t'.M'JlIII.Mijllji 


s  1  amp.  (resistive  or  inductive  lood) 

d-c  output:  up  to  249  volts  moximum 


SINGLE-PHASE 


- 

I  amp.  (resistive  or  inductive  load) 


d-c  output:  up  to  249  volts  maximum 


SINGLE-PHASE 


fUU  WAVI  CENTER  TAR  CIRCUIT 


I  amp.  (resistive  or  inductive  load) 
d-c  output:  up  to  125  volts' maximum 


RUll  WAVE  RRIOGE  CIRCUIT 


VOITAOE  DOUtUR  CIRCUIT 
ALSO  AVAIL AtlE 


•  PEAK  REVERSE  VOITAOE:  S0.400  VOLTS  i;'  ■ 

•  Psmsteel  Type  1A  SiUcee  Rectifier*  wsed  Hireeplieut  ‘ 

•  Per  iwepeefic  ewpHfier  end  d-c  power  eppUceWee*  wHh  ' 
oeiblonf  temper oteru*  rewplwf  from  — S5”C  fe  +150"C 

»  Write  for  eew  MMm  6.310  ee  rectifier  tfedb 


FANSTiEt  MiTAUUROICAL^fp 

Nerfli  Chicete,  Wieeis,  U.S.A. 


rATfON  q 
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Another  NEMS- CLARKE  first 


Transistor  is  rsmoTod  from  •loctrolyt*  and 
quickly  placsd  in  tot  spray.  Driod  sUctro- 
ly1«  is  hard  to  removo 


ca.ses  to  reduce  water  co.st,  since  the 
final  wash  is  in  deionized  water. 
However,  careful  analyses  must  be 
made  of  the  pH  and  purity  of  the 
water  and  the  electrochemistry  of 
the  metals  involved.  Formations 
which  miicht  occur  on  the  metals 
would  cause  failure  of  the  device. 

Sequenced  beakers  of  water,  cas¬ 
cade  baths  or  free-fiowinK  trouj^hs 
are  all  usable  for  soaking,  deiiend- 
ing  on  production  rates  and  water 
cost.  Beakers  are  suitable  for  lab¬ 
oratory  quantities  and  for  evalua¬ 
tion,  the  others  for  production. 

A  cascade  is  2  or  more  trays 
joined  in  step-fashion.  Fresh  water 
is  fed  into  the  topmost  tray,  over¬ 
flows  into  the  second  tray  and  so 
on  until  it  reaches  the  drain.  Units 
to  be  cleaned  are  put  into  the  lowest 
tray  first  and  moved  successively 
upward.  The  final  wash  is  in  the 
top  tray.  Water  must  flow  into  the 
top  tray  fast  enough  to  be  com¬ 
pletely  replaced  durinK  the  w’ashin^ 
cycle.  Otherwi.se,  the  semiconduc¬ 
tors  will  be  subject  to  contamina¬ 
tion.  Flow  rate  can  be  judged  by 
the  continuous  addition  of  NaOH 
and  prepared  phenolphtalein  indi¬ 
cator,  which  makes  water  pinkish. 

F'ree-flowinK  troughs  have  the 
added  advantage  of  a  forceful 
stream  of  fresh  water  contacting 
the  units.  Tests  indicate  that  wash¬ 
ing  time,  compared  with  cascades, 
is  300  percent  less.  However,  a 
trough  cannot  be  used  at  full  effi¬ 
ciency  except  in  some  type  of  etch¬ 
ing  automation. 

Purity  of  water,  flow  rates,  tem¬ 
perature  and  time  cycles  must  be 
determined.  For  exceptional  clean- 


Now  available  . 

receiver  frequency  coverage  to  900  me 
.  .  Nems-Clarke  Type  REU-100  and 
Type  REU-200  Range  Extension  Units 
permit  extension  of  frequent  ranges 
up  to  900  me  when  used  with 
Nems-Clarke  Special  Purpose  Receivers 


Frequency  Range  REU-100. 
Frequency  Range  REU-200. 

Noise  Figure  . 

IF  Frequency  . 

Input  Impedance  . 

Output  Impedance . 

Power  Requirement  . 

Size . 


. 250-475  me 

. 475-900  me 

. 12-14  db 

. . 60  me 

. 50  ohms 

. 50-75  ohms 

. 110-220  volts  AC 

. 19"  X  7"  X  12" 

(standard  rack  mounting) 
. Gray  Enamel 


AAii,  FA4,  or  CW,  according  to  the  receiver  with 
which  the  range  extension  unit  is  operating. 


FOR  FURTHER  INFORMATION,  WRITE  DEPT.  E4 
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MINNI 


sri’B 


Soak  in  coacad*  bath  iollowa  apray. 
MultimilUon-ohm  hot  water  ilowa  irom 
left  to  rl^ht,  parts  mors  right  to  ieit 


Vz  actual  size 


Firgt  miniatures  to  meet  the  *'£”  perlonnance 
rcq\iireraents  of  MIL-C-5015C.  5  ^ell  types,  4 
constructions,  5  shell  sizes,  17  inserts. 


Translator  assemblias  ara  placed  in  wire 
baskets  tor  easy  handiing  in  cascade 


liness,  water  with  resi.Htance  of  ! 
500,000  ohms  and  hijrher  is  re¬ 
quired.  This  is  achieved  in  produc¬ 
tion  hy  commercial  deionizers  since 
distillation  is  costly. 

Klectrical  evaluation  of  the  de¬ 
vices  over  a  period  of  time  will 
establish  the  purity  required.  l*h 
readinjrs  indicate  cleanliness  and 
are  balanced  ajrainst  the  end  elec¬ 
trical  yield  for  a  .standard  of  min¬ 
imum  quality. 

Lalairatory  tests  show  efficiency 
of  various  washintr  cycles.  For  ex¬ 
ample,  20  etched  subassemblies 
were  rinsed  for  1  minute  in  each 
of  4  beakers  of  pure  hot  water. 
Another  20  K<>t  2-minute  rinses. 
The  2  jrroups  were  soaked  24-26 
hours  in  stoppered  flasks  of  pure 
water.  A  third  flask  of  water  served 
as  a  standard.  The  trroup  rinsed 
1  minute  increa.sed  the  pH  of  the 
pure  water  by  1.74.  The  2-minute 
rin.se  j?»ve  a  superior  pH  increa.se 
of  0.56. 

A  similar  test  indicated  efficiency 
of  cascade  washinj?  cycles.  The  pH 
difference  over  pure  water  was: 
5-minute  wash,  1.70;  10-minute 
wash,  0.89;  15-minute,  0.45,  and  20- 
minute,  0.41.  The  optimum  wash- 
inK  cycle  was  judtjed  to  be  15 
minutes. 

CIRCLE  7»  READERS  SERVICE  CARD  >- 


actual  size 


^  “  ■  -  - -  "[Vit 

Smallegt,  lightest  standard  MS  “£**  KZLr^C^ 
5015C  conoectoni.  <  Rhill^ljjii  n  Sl-taawrt  ar^ 
ranaements.  UotttRd  rcac-grommet  assembly. 


f.  MTCNT 


Vi  actual  size 


AMPHENOL  ELECTRONICS  CORPORATION 
Chicago  50,  illinois 


NEW  PRODUCTS 


Introduce  More  New  Relays 


(1)  Line  Electric,  thermal  time  delay  relay.  (2)  Jordan  Electronics,  time  delay  relays.  (3)  Magnecraft  Electric, 
dustproof  relavs.  (4)  Iron  Fireman  Mfg.,  microminiature  relay.  (5)  Stmthers-I>unn,  general  purpose  relays.  (6) 
Revere  Corp.  of  America,  spst  relay. 

CoNFROMF.D  with  tlic  coniplcx  circuitry  in  today’s  military  equipment, 
design  engineers  must  have  the  most  reliable  compK)nents  at  their  beck 
and  call.  Small,  rugged,  precision  relays  play  a  big  role  here. 

Line  F.leetrie  Co.,  271  So.  6th  St.,  Newark  N.  ].,  (^00),  announces 
a  miniature  thermal  time  delay  relay  with  high  shock  and  vibration 
characteristics.  It  offers  delays  as  low'  as  250  millisec.  The  i  in.  diameter 
eontaets  can  carry  3  ampiercs  at  115  v,  60  cps  noninducting  current, 
for  a  minimum  of  250,000  operations. 

Now  available  from  Jordan  Eleetronies  Div.  of  The  Vietoreen  Instru¬ 
ment  Co.,  3025  W.  Mission  Kd.,  Alhambra,  Calif.,  (301)  ?re  time  delay 
relays  featuring  transistorized  eircuitry  with  RC  network  which  permits 
intervals  from  50  millisee  to  several  hours. 

Magneeraft  Eleetrie  Co.,  W.  Grand  Ave.,  Chicago  51,  Ill.,  (302), 
announces  that  in  order  to  provide  protection  against  dust,  combined 
with  convenient  aceessibility,  removable  metal  enelosures  have  been 
developed  for  Class  22  relays.  The  enclosures  may  be  mounted  on 
customer’s  strip,  panel  or  chassis. 

\  tiny  relay  for  missile  use  is  in  production  by  Iron  Fireman  Mfg. 

Co.,  2838  S.E.  Ninth  .\ve.,  Portland  2,  Ore.,  (303).  It  can  withstand 
temfjeraturcs  ranging  from  100  deg  below  freezing  to  45  deg  above  the 
boiling  point  of  water. 

General  purpose  relays  offered  by  Struthers-Dunn,  Ine.,  Pitman,  N.  J., 

(304),  combine  high  contact  reliability  with  small  size  and  light  weight. 

Grade  5  melamine  bonded  fibre  glass  insulation  is  used  for  contaet 
supports.  The  relays  are  available  in  spdt,  d|xlt  and  3  jxlt  types. 

Revere  Gorp.  of  Anieriea,  Wallingford,  Conn.,  (305),  rejxrrts  con- 
taets  of  the  new  spst  Glaswitch  relays  are  hermetieally  sealed  in  glass 
envelojjes  containing  dry  nitrogen  and  a  helium  tracer,  preventing  con¬ 
taet  eontamination  from  volatiles. 


QQQQQ 


Counter-Timer 

transistorized 

Potter  Instrument  Co.,  Inc., 
Sunnysidc  Blvd.,  Plainview,  L.I., 
N.  Y.  Featuring  preset  interval 
generating,  timing  and  counting 
functions  in  a  aunpact  package,  the 
model  860  frequency  time  counter 
is  a  transistorized  unit  with  visual, 
in-line  readout.  Timing  and  fre¬ 
quency  features  include  direct  meas¬ 
urement  of  frequency  from  0  to 
150  kc,  frequency  ratio  determina¬ 
tion,  period  measurements  frrr  1 


For  more  information  use  READER  SERVICE  CARD 


May  23,  1958  —  ELECTRONICS  engineering  edition 


the  truly  dry 
tantalum 
capacitor! 


NEW  SOLID-STATE  ELECTROLYTE  CAPACITORS  BY 
CORNELL-DUBILIER  •  SOLITAN  capacitors  are  specifically  de- 
sisrned  for  transistor  application  in  computer  and  military  circuits. 
Solid  electrolyte  tantalum  assures  extreme  resistance  to  shock  and 
vibration,  wider  useful  temperature  characteristics,  stability  of 
capacitance  in  spite  of  aging  or  temperature  variations,  freedom 
from  corrosion  or  leakage.  Cornell-Dubilier  has  SOLITAN  tantalum 
capacitors  in  production  quantities.  Write  for  4-pg.  Bulletin  No.  537 
to  Dept.  000,  Cornell-Dubilier  Electric  Corp.,  South  Plainfield,  N.J. 


ACTUAL  SIZE 

- 


SOLITAN 

Specificationt  and  Features 

•  Ratings  up  to  6.0  mfd.  at  35 
volts  DC  Working,  or  60.0 
mfd.  at  6  volts 

•  Wider  useful  temperature 
characteristics  within  range 
of  -80*C  to  +85*C 

•  Freedom  from  corrosion 
and  leakage 

•  Extremely  small  size 

•  Remarkable  stability  of  ca¬ 
pacitance  with  time  and 
temperature 

•  Metal  cased,  hermetically 
sealed 


usistentbj 

ORNELL-: 


lER 


CAPACITORS 
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iicctors  on  both  ends,  and  can  be 
obtained  with  or  without  mounting 
flanges.  The  filters  can  be  obtained 
to  meet  any  cutoff  frequency  be¬ 
tween  100  and  1,000  me.  Circle 
308  on  Reader  Service  Card. 


or  10  cps,  predetermined  counting 
to  any  number  up  to  9,999  with 
extension  in  steps  of  10  or  100  to 
999,900,  and  external  count  gating. 
Circle  306  on  Reader  Service  Card. 


ings  in  airborne  equipment,  air¬ 
craft  and  missiles. 

Specifications  include  material 
thickness  from  1/32  in.  to  lH  in. 
round,  square,  or  rectangular 
shapes.  Bobbins  are  available  for 
J  in.  to  H  in.  i-d  coil  sizes  and  anv 
diameter  of  flange.  Circle  307  on 
Reader  Service  Card. 


Servo  Amplifier 
transistorized 

joiiN  OsTF.R  Mfg.  Co..  1  Main  St.. 
Racine,  W'isc.,  has  developed  a 
comjxict  —  35Cto-hl23C  tran¬ 
sistorized  servo  amplifier  with  vari¬ 
able  damping  or  feedback  control 
and  a  wide  range  of  input  imped¬ 
ances.  Output  power  is  up  to  10  w. 
I’vpe  .\MI’-9616  can  Ik  designed  to 
drive  a  servo  motor-generator  with 


Bobbins 

withstand  250  C 

Form-It  Proditcts,  Inc.,  1619  W 
Walnut  St.,  Chicago  12,  111.,  an¬ 
nounces  a  rccentlv  developed  high 
temperature  bobbin  that  meets  and 
exceeds  military  spiecifications  for 
class  H  insulation.  The  bobbin  has 
Isccn  tested  and  approved  to  with¬ 
stand  temperatures  up  to  -|-2>0  C. 
I  hc  unit  is  in  use  now  for  vvind- 


Low  Pass  Filters 
miniaturized 


-M.vory  &  .Xssoci.Mi  s,  10373  Mills 
.\ve.,  Pomona,  Calif.  Scries  .\2  low 
pass  filters  feature  low  insertion 
loss.  miniaturi7.;ition  and  rugged 
construction.  I  hev  have  BNC  con- 


I 


I 


3 


P 


standard  1 1  S  57. s  v  control  phase 
or  -10  20  \  contrrjl  phase  without 
the  need  of  an  output  transformer. 
()|xn  l(K)p  [X)wer  gain  is  up  to  90 
dh.  Circle  309  on  Reader  Service 
Card. 


Frequency  Changers 
use  semiconductors 

I'!i  I  f; IRONIC  Rrsi  .\R(  ii  \ssof:iAiKS, 
Inc.,  67  I’actory  I’laec,  Cedar 


Grose,  N.  J.,  announces  new 
I  ransp,ie  transistorized  freejuency 
changers.  I  hese  new  static  designs 
consert  any  gisen  input  frequency 
to  a  new  frequencs  at  power  lesels 
and  eliminate  the  dis;idsantages  of 
vacuum  tulx-  or  niechameal  conser- 
sion  equisalents.  'Hie  new  models 
are  ideal  for  powering  all  a-e  op¬ 
erated  equipment,  gvro  and  servo 
mechamsms,  magnetic  amplifiers, 
and  are  intended  for  all  tvpes  of 
laboratory  and  industrial  applica¬ 
tions.  C'ircle  310  on  Reader  Sersicc 
Card. 


Stampings 
flat  sheet  metal 

TF.ciiNigtTEs,  Inc.,  52  Jackson  .\ve., 
llackenviek.  N.  J.,  has  available  a 
new  sersiee  for  prosiding  fl.it  sheet 
metal  stampings  in  an\  si/e,  shape, 
or  metal  in  thicknesses  up  to  0.006 
m.  P.irts  are  free  of  burrs,  accurate, 
and  concentric,  'roleranees  arc 
normally  0.005  in.  Closer  tol¬ 


erances  can  1k'  provided  where  re¬ 
quired.  Circle  311  on  Reader  Serv- 
iee  Card. 


Multiplexer 
for  pdm  telemetry 

CONSOLID.VI  F.D  Ei.EC  1  RODYNAMICS 

CoRP.,  300  N.  Sierra  Madrc  \'illa. 
Pasadena,  Calif.,  has  developed  a 
new  desicc  for  pdm  commutating 
and  coding.  The  dO-lOl  Plexieoder 
commutates  signals  from  up  to  90 


! 


For  your  prototypes ... 

sample  miniature  Westinghouse 

selenium,  rectifiers  shipped  in  lO  days 

We*tinRhoii»e  Electric  Corporation 
('ollmB  Avenue 
I’lttHhurRh  6,  Peniwylvania 

Gentlemen: 

Please  aend  me  a  sample  Westinghouse  miniature  selenium  rectifier  .  .  .  which  I  need  for  prototypes 
now  under  ilesign. 

I  understand  that  this  sample  will  be  supplied  free  of  charge  (within  reasonable  limits,  of  course) 
and  that  my  re<|ue8t  must  b<>  postmurke<J  not  later  than  .July  1,  IS.'SS. 

This  rectifier  should  he  built  to  the  following  specifications:  j-22130 


VollsKr  (fititn  I  to  umiiumk.'  At»n»  n  to  lOl) 

C'imiit:  half  wwvq  -  -  — _ _ full  wave _ _ - - 

Ff>r  |»rint^  circuits:  Yea  .—  .■■■  ,  ,  No^  —  — Hermetically  acaled:  Yen  ■  - N<». 

Application:  iload.  duty  cycl®,  6lter,  etc.)— -  , , ,  ■ 


TitU 

Art.fMM  _ _ 

- - -  .  —City  and  Stale— _ — 

POWER  UPstarts  With  CONTROL 


you  CAN  tg  SURE. ..iPiTs  Westinghouse 
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PORTABLE  REGULATED 
POWER  SUPPLIES 


NUTRON  MANUFACTURING  CO.,  Inc. 

67  Monroe  Aee.,  Staten  liland  1,  N.Y 


transducers  at  112.s  samples  jxr 
second  and  comerts  them  into  dn- 
ration-modulatcd  pulses  suitable  for 
telemetering  or  magnetic  ta|K-  re 
cording. 

In  the  Plexicoder,  low-speed  mag¬ 
netic  switching  at  the  input,  with 
high-speed  commutation  and  coel- 
ing  accomplished  b\  interrupting  a 
light  Ixain,  replaces  rotating  wiper- 
arm  assemblies  and  wide-band  chop 
per-stabilized  amplifiers.  Ca'rcle 
312  on  Reader  Se'rsice  C-ard. 


shorts  which  can  lx  accurately  ad¬ 
justed  to  any  reactance,  are  asailable 
in  fretpie*nc\  ranges  from  12.4  to 
73  kmc.  W'ith  short-circuit  vswr’s 
of  up  to  100:1,  the\  are  said  to  lx 
the  most  nsefnl  terminating  im¬ 
pedance’s  in  wa’.egmde  nx’asnre- 
ments,  apart  from  matched  loads. 
The  new  units  consist  of  a  section 
of  waveguide  in  which  a  short- 
circuiting  plunger  can  lx  moved 
b\  means  of  a  micrometer  drive. 
This  is  a  noncontacting  short  of 
the  two-section  coaxial-filter  tvjx. 
Circle  3H  on  Reader  Service  Card. 


10  DAY 
FREE  TRIAL 


•  Hi‘Range: 
0  -120  V 

•  High  Cur¬ 
rent:  1 
Amp.  DC 

•  Regulofed 
DC  or  AC 
output 

•  Extremely 
low  ripple 


Power  Transistors 
used  in  converters 


Bi:Nm\  .\vi.\ii()s  Corp.,  lamg 
Hranch.  }.,  announces  a  new 
scries  of  |X)wer  transistors  for  con¬ 
verter  and  switching  circuits.  'Ilicy 
have  a  3-am|X're  maximum  cur¬ 
rent  rating  and  can  switch  power 
np  to  230  vv.  Iliev  are  prov  ided  in 
current  gtiin  ranges  of  1  3-30,  20-40 
and  30-60  at  a  collector  current  of 
3  amperes  d-c.  Collector-to-emifter 
breakdown  ratings  arc  40,  70  and 
SO  V  to  eliminate  burnout  in  h-v 
applications.  Circle  313  on  Reader 
Serv  itx  Card. 


H-F  Counter 
high  reliability 

Northk.vsti.rn  F.ncini.krinc.  Inc., 
Manchester.  \.  II..  announces  a 
new  high-frequenev  10  me  elec¬ 
tronic  counter.  It  fc-atures  an  eight 
place  digital  readout  with  no 
meters. 

Reliabilitv  not  heretofore  ob¬ 
tained  in  h-f  counters  is  achieved 
bv  improved  circuitry  which  has 
eliminated  manv  troublesome  dicxle 
circuits,  the  company  claims. 
Weight,  size  and  heat  are  consid- 
erablv  reduced  through  the  use  of  a 
silicon  rectifier  power  supply.  Circle 
313  on  Reader  Service  Card. 


Rack  Mounting  Model  RM-1A 
Specificotiens  For  Models  PR-1  A  &  RM-1A: 
Input:  95- 130V,  60  Cyclos 
DC  Output;  0‘120V,  0-1  Amp. 

AC  Output  0-130V,  0-1  Amp. 
Rogulation:  ±  1%  for  line  95-130  V 
Completely  isolot^  output 
Some  opplicotions: 

Tronsistor  Circuit  Developments 
Versotile  Production  Test  Supply 
DC  or  AC  motor  control 
Fine  control  of  sotuioble  reoctors 
Regulated  DC  or  AC  filament  supply 
Regulated,  adjustable  line  source 
A  basic  unit  tor  any  laboratory 
Write  for  Tecfinicof  BulUtin  EP-15 

FOR  VACUUM 
TUBE  APPLICATIONS 

Model  PR-100  t,  PR-200 

•  Ronge^120-300VDC 

•  Very  fast  response 

e  Input  105-125  V,  50-60  Cycles 

Other  uses 

Calibration  of  meters,  potentiometers,  etc. 
Components  test  setups,  inspection 
Computer  development  &  Servicing 
Continuously  adjustable  reference  supply 
Write  for  technical  bulletin  gP-16 


Sliding  Shorts 
noncontacting 

PoLYiKCiiNic  Rksk.xrch  and  De¬ 
velopment  Co.,  Inc.,  202  Tillarx' 
St.,  Brooklyn  1.  X.  Y.  New  sliding 


Frequency  Meters 
cover  wide  range 

I'liE  James  Mii.i.en  Meg.  Co., 
Inc..  1 30  Kxchange  St.,  Malden, 
Mass.  The  No.  90680  series  of  in- 
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'•icating  frctjiicncy  meters  eoser 
file  range  of  170  ke  to  700  me. 
F'liis  range  is  covered  by  five  basic 
units  (heads),  each  tiesigned  spe¬ 
cifically  for  its  own  frecjiiencv 
range,  liacli  head  has  three  or  four 
pIng-in  inductor  prolx;s  and  the 
same  nmniK'r  of  individual  fre- 
t|nencv  calibrations.  .\  single  sOO 
liA,  end-indic-ating,  plug-in  instru¬ 
ment  is  used  with  each  of  the 
heads.  The  indicating  circuit  is  so 
sensitive  that  even  the  output  from 
a  grid  dip  meter  is  enou  'i  for  full 
sc'ale  deflection  at  most  frec|uencies. 
Circle  316  on  Reader  Service  Card. 


NEW  SUBMINIATURE 


HIGH  TEMPERATURE  S 


ACTUAL  SIZE 


Now  available  as  a  wirewound  or  film 
type  trimmer  that  is  moisture  proof, 
subminiature  in  size  and  withstands  a 
temperature  of  225°C.,  in  a  higher  resist¬ 
ance  range. 

FEATURES) 

Type  RTW  (wirewound)  Resistance  Range 
100  ohms  to  100,000  ohms 

Type  RTF  (film)  Resistance  Range  100  ohms 
to  25,000  ohms,  providing  infinite  resolution 

25  turn  lead-screw  adjustment 
Unique  stop-overide  safety  mechanism 
Housing  of  High  Temperature  Molded  Plastic 

Variety  of  mountings:  Printed  Circuit  Lugs 
Printed  Circuit  Wires 
Tinned  Leads 

Virtually  hermetic  sealed  meets  Mil  std.  202 
Procedure  106  Humidity  Test  w’ith  rated 
power  applied 

Precious  metal  take  off  and  end  tabs 

Dual  stainless  steel  contacts  on  winding  and 
slip  ring  for  extra  reliability 

Power  rating  of  .83  watts  at  80®  C.,  .1  watt 
at  200®  C. 

Engineered,  quality  controlled  manufac¬ 
ture  and  environmental  tested  to  meet  the 
exacting  demands  of  missile  and  other 
military  applications,  make  these  new  low 
cost  trimmers  a  long-sought  contribution 
to  design  and  production  problems. 


Pressure  Pickup 
for  test  stand  use 

CoNSOI.in.VTED  Ki.f.ctrodynamics 
CoRP.,  300  N.  Sierra  Madrc  Villa, 
Pasadena,  Calif.  Tvpc  4-323  pres¬ 
sure  pickup,  designed  for  a  wide 
range  of  gage  and  absolute  pressure 
measurements,  is  partieiilarlv  suited 
to  rocket  and  engine  test  stand  uses. 
Operating  without  damage  at  tein- 
|XTatures  from  —  300  F  to  300  F 
it  provides  nominal  output  of  40 
mv.  Pressure  ranges  from  7.5  to 
5,000  psi  gage  or  absolute  are  avail¬ 
able  ill  one  unit  without  coiifigura- 
tiou  changes.  Circle  317  on  Kcadet 
Service  Card. 


R-F  Attenuators 
for  laboratory  use 

jKKROi  n  F.m  ciromcs  Corp.,  23rd 
and  Chestnut  Sts.,  Philadelphia  3, 
Pa.,  has  introduced  two  variable  at¬ 
tenuators  offering  0  to  62.5  db  at- 


WriU  wire  or  call  for  full  details  and  technical  data. 

TECHNOLOGY  INSTRUMENT  CORP. 

569  Main  St.,  Acton,  Mass.COIonial  3-7711 
North  Hollywood,  California 
POplar  5-8620  STanlay  7-0286 
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tciuiation  in  0.'5  dl)  steps  from  d-c 
to  SOO  me.  MckIc'Is  .WsO  and 
.\\'7s  utilize  preeision,  earbon- 
deposited  resistors  for  highest  aeeu- 
racy.  'ITiev  exhibit  a  maximum  in¬ 
sertion  loss  of  only  0.2  s  db  from 
d-e  to  2s0  me,  and  O.s  db  from  2s0 
me  to  sOO  me.  Kaeh  attenuator  in¬ 
corporates  a  newly  doeloped  rotary, 
coaxial  switch  that  features  a  float¬ 
ing  rotor  with  dual  wiping,  self 
aligning  contacts  mounted  in  a 
lel-F  dielectric.  Mtulel  .\\''s0  has 
a  characteristic  im|X'danee  of  sO 
ohms  and  utilizes  improyed  type 
B\C  connectors.  'Ihe  .W's  has 
a  characteristic  impechanee  of  7s 
ohms  and  utilizes  1'  series,  constant 
impedance  connectors.  Circle  318 
on  Reader  Scrsice  Card. 


APPLICATION  GUIDE 
FOR  SILICON  [1 
RECTIFIERS ...  1 


High-Vacuum  Valve 
bellows  sealed 

Vki  co  V.scmiM  CoRi’.,  86-P  Den¬ 
ton  .\ye..  New  Ilvde  Park,  I,.  I., 
N.  Y.,  expands  its  line  of  Ixllows 
sealed  saUcs  for  high-\acuum  ser- 
yice  with  the  intriKluction  of  its 
3-in.  iikkIcI.  Sizes  now  range  from 
in.  through  3  in.  'Hie  new  right 
angle  unit  prosides  positise  shutoff 
in  high  yacuum  systems  where  leak- 
tightness  is  essential.  Designated 
the  R-300-S,  the  brass  yabe  has 
scry  high  conductance,  the  result 
of  an  unusually  large  stroke,  short 
flow  path  through  the  yabe,  and 
an  unobstructed,  full-size  port.  A 
multiple  thread  on  the  stem  re¬ 
duces  the  numlxr  of  turns  recpiired 
for  full  o|K'uing.  'I’lie  yabe,  de- 


//  you  work  loith  rectifiers,  this  free  L 
design  handbook  ivill  help  you  tvith  I 
your  application  problems.  I 

PARTIAL  CONTENTS 
Selection  procedure  and  data. 

Seven  typical,  effective  rectifier 
circuits  and  design  factors  for  each. 

How  to  provide  for  transient  loads, 
series  operation,  magnetic  amplifier 
circuits,  stacks. 

Curves  on  current  ratings  vs  case  temperature 
and  current  ratings  vs  air  temperature. 
Electrical  measurements. 

Rectifiers  built  to  required  specifications. 

MILITARY  RELIABILITY 
Four  types  of  rectifiers  that  meet  the 
MIL-E-1/1024,  989,  990  and  991  are  fully 
described  with  curves  and  tables. 

GET  YOUR  FREE  COPY 


MIOFIOWJLVE  -A.SSOCI-A.TES,  INC, 

BURLINGTON,  MASSACHUSETTS  •  BRowning  2-3000 
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signed  for  solder  connection,  may 
be  installed  in  any  position.  Circle 
^19  on  Reader  Service  Card. 


on  Photocircuits 
plated-thru  holes 


Magnetic  Amplifier 
for  airborne  uses 

CiiASF.  I^I,^;clRO^•lc.s,  Inc.,  S2-^1 
SIst  Ave.,  Klinhnrst  7s,  N.  V. 
.\I(Klel  Clvl, 1.-400  lo\v-le\el  mag¬ 
netic  amplifier  is  espeeiallv  de¬ 
veloped  for  airborne  applications  in 
vvliicli  the  input  power  derives 
from  thermocouple,  strain  gages, 
thermistor  bridge,  photovoltaic  cell, 
current  shunt  and  the  like.  Price 
for  s;imple  is  S6s;  jxr  lots  of  100, 
S^O  each.  Circle  320  on  Reader 
Service  Card. 


When  the  Titan’s  electronic  umbilical  cords  are  severed,  the  giant 
missile  begins  life.  With  no  ground  contact,  its  unjammable 
inertial  guidance  system  must  work ...  there’s  no  second  chance. 
Arma  Division  of  American  Bosch  Arma  Corporation,  maker  of 
the  Titan’s  computer  brain,  demands  printed  circuit  boards  that 
must  function  the  first  time... every  time.  A  defect,  at  any  assembly 
point,  means  discarding  the  board  and  the  costly  components 
mounted  on  it. 

That’s  why  Arma  relies  on  PHOTOCIRCUITS  printed  circuit 
boards  with  plated-thru  holes  to  do  the  job. 

PHOTOCIRCUITS  pioneered  plated-thru  Aofes ...  manufactures 
them  with  built-in  reliability  for  military  and  industrial 
applications. 

Plated-thru  hole  reliability  is  based  on  PHOTOCIRCUITS’ 
unequalled  experience  in  every  phase  of  printed  circuitry. 
Consistent  dependability  is  the  result  of  proper  design,  precision 
production  and  advanced  quality  control  techniques. 

Check  the  advantages  of  plated-thru  holes  by  PHOTOCIRCUITS 
....the  largest  and  most  experienced  manufacturer  in  printed  cir¬ 
cuitry.  For  complete  information,  write  our  Engineering 
Department  PS-2  today. 


Test  Chambers 
30  cu  ft  space 

Iknnf.y  Encinkkrinc,  Inc.,  1090 
Springfield  Rrxid,  Union,  N,  )., 
offers  temjx.Tature  test  ehamlKrs 
with  30  cu  ft  of  work  space,  and 


PHONES 
QLEN  COVE  4-8000 
FCUSHINQ  7-8100 
CABLE 
PHOCIRCO 


CIRCLE  82  READERS  SERVICE  CARD 


ELECTRONICS  engineering  edition  — May  23,  1958 


outer  dimensions  of  4i  ft  wide  bv 
s  ft  deep  l)y  7i  ft  high. 

These  standard  units  feature  low 
teinjx-rature  ranges  of  —  40  I’, 
—  100  K,  —  120  T’,  high  teinjxra- 
ture  ranges  of  4-  240  I'  or  +  ssO 
!•'  optional;  also  optional  these  units 
ean  provide  for  relatise  humidities 
of  20  to  98  ixreent  (limited  In 
+  35  r  dewpoint)  and  5  percent 
at  +  160  F. 

lleliarc  welded,  stainless  steel 
interior  with  a  positive  seal  dual 
door  gasket,  the  series  30  require 
no  installation  service  other  than 
a  simple  plug-in  connection.  Circle 
321  on  Reader  Service  Card. 


Modulation  Meter 
for  15  kc- 1,000  me 

Empirk  Df.vicf.s  Products  Corp., 
.Amsterdam,  N.  Y.  Motlcl  MM'120 
is  a  sensitise  modulation  meter  for 
a-m  generators  and  transmitters.  It 
basic-ally  consists  of  a  superhet  re¬ 
ceiver  and  circuits  designed  to 
measure  accuratelv  modulation  on 
signal  levels  as  low  as  0.01  v.  It 
cos  ers  the  1 5  kc  to  1 ,000  me  range 
bv  means  of  tsvo  casilv  changed 
plug-in  tuning  units,  thus  ftilhlliug 
the  functions  of  two  separate  instru¬ 
ments  but  avoiding  duplication  of 
costly  components  common  to  both 
frequencs'  ranges.  Circle  322  on 
Reader  Sersicc  Card. 


This  new  Speer  Packaged  Assembly  Circuit  ofifers  you  a  wide 
variety  of  custom,  preassembled  imits  of  high-quality  components 
for  use  in  conjimction  with  printed  board  applications. 

P.A.C.  permits  the  insertion,  as  a  group,  of  a  full  range  of  capaci¬ 
tors  and  resistors  in  simple  or  complex  circuitry.  Each  P.A.C.  is 
based  on  components  of  uniform  dimensions,  '/•*  diameter  and 
long.  Component  availability  includes  Jeffers  tubular  ceramic 
capacitors  and  Speer  fixed  composition  resistors,  providing  wide 
circuit  flexibility  in  a  single  P.A.C.  unit. 

ADVANTAGES  OF  SPEER  P.A.C. 

•  Simplifies  chassis  design  and  assembly 

•  Reduces  printed  circuit  board  area  and  insertion  operations 

•  Permits  easy  and  low-cost  component  change-over  to  accommodate 
circuit  revisions 

•  Broad  choice  of  characteristics — low  capacitance  temperature  com¬ 
pensating  units  and  high  capacitance  bypass  capacitors  mounted 
in  same  P.A.C.  unit 

•  Isolation  of  individually  mounted  units  provides  low  shunt  capaci¬ 
tance  across  resistors 

•  Pretested  components  achieve  unusually  close  tolerance  assembly 

Learn  more  about  the  new  Speer  P.A.C. 

For  information  write  to:  ||'JT 


Shift  Register 
two-cores-per-bit 

Airtromcs,  Inc.,  BcHicsd.i,  Md. 
A  new  two-corcs-per-bit  shift  regis¬ 
ter  ope-rates  at  speeds  up  to  500  kc. 
The  maximum  shifting  rate  of  the 
DKIOT  is  above  a  megaevcle.  .Ml 
components  inclnding  two  cores 
and  four  gold-bonded  germanium 


Speer  Carbon  Co.  Du  Bole,  Pennsylvania 
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diodes  arc  encapsulated  in  epoxy. 
Units  are  provided  with  solder  lug 
headers,  plug-in  bases,  and  solder 
pins  for  printed  circuitry.  Circle 
32^  on  Reader  Service  Card. 


FOR 


DEVILISH 


ENVIRONMENT 


Available  now... THREE  rompletrly  new  lines  of  USECO  Insulated  Terminals.  They 
cover  a  wide  range  of  operating  conditions,  including  the  most  severe  environments. 

The  result  of  exhaustive  materials  research  and  terminal  design  evaluation,  these  neve 
L’.'sEtiO  Insulated  Terminals  are  closely  controlled  in  production  to  assure  reliable 
performance  in  your  equipment. 

lISECf)  III-AI.UMINA  — For  the  ultimate  in  resistance  to  shock,  vibration  and  extreme 
lcmi)erature,  from  800*  F.  to  1800*  F.  ratings.  Bonus  advantages  include  resistance  to 
nuclear  radiation  and  zero  water  absorption.  .Available  in  subminiature  and  standard 
size  with  both  turret  and  bifurcated  terminal  configurations. 

L'.'sEdO  TEf'I.ON  — For  low  constant  electrical  loss  and  excellent  dielectric  character* 
Istics,  coupled  with  mechanical  resiliency  at  a  service  temperature  range  up  to  500°  F'. 
Design  advantages  include  the  high  pull  strength  of  37  pounds.  Available  in  standard 
sizes  and  in  a  wide  range  of  conhgurations. 

l’SE<!()  rNl-.MOI.D— For  outstanding  electrical  and  mechanical  characteristics  under 
high  humidity  and  up  to  300°  F'.  These  new  terminals  incorporate  a  mineral-hlled  alkyd 
material  in  a  one-piece  molded  construction,  and  provide  exceptional  dimensional  sta< 
bility.  .Available  in  a  vvide  variety  of  stud,  female  and  swage  types  with  both  turret  and 
bifurcated  terminals. 

There  is  a  L.'sE(X)  Insulated  Terminal,  and  other  I'SECO  F'.lectronic  Hardware  that 
liest  meet  your  specific  requirement.  At'rite  for  detailed  information,  no  obligation.  Litton 
Industries,  Components  Division,  Dept.  2,  .5873  Rodeo  Road,  Los  .Angeles  16,  CalifornUt 
or  Litton  Industries,  Dept.  1, 215  South  F'ulton  Avenue,  Mount  Vernon,  New  York. 


D-C  Amplifier 
true  differential 

S.vNBORN  Co.,  industrial  Div.,  175 
\\  yinan  St.,  Waltham  54,  Mass. 
.Model  450-1  S00.\  amplifier  is  de¬ 
signed  to  drive  an  optical  gal¬ 
vanometer,  oscilloscope  or  ta|x: 
recorder.  Input  characteristics  in¬ 
clude  an  impedance  of  200  K  dif¬ 
ferentially  between  terminals  (bal¬ 
anced),  or  100  K  each  input  lead 
to  ground  (single-ended);  common 
mode  rejection  at  d-c  is  100  db,  to 
400  cps  80db,  and  from  400  cps  to 
30  kc  74  dh;  equivalent  input 
drift  is  d:  2  /iv;  equivalent  input 
noise  IS  5  /xv  peak  to  peak  (0-10 
cps),  20  iiv  (0-1,000  cps),  50  pv 
(0-30  kc).  Two  outputs  provide 
either  ±  8  v  into  5,000  ohms  at 
fixed  gain  or  —  50  ma  swing  with 
8  smoothly  adjustable  gains.  Cir¬ 
cle  324  on  Reader  Service  Card. 


♦♦♦♦♦ 

Manometer  !  — 

and  microphone  LITTON  INDUSTRIES,  INC. 

Tf.i  co  Inc.,  47  rue  dc  la  Division  L^Ll  Components  Division 

Lcclcrc,  Gcntillv,  I’rancc,  an-  * 

noimccs  an  electronic  micro-  LITTO.N  IMIKCISION  COMPO.NENTSi  Potentiometera  •  Ferrite  DoUtorx  •  RoUry  JoinO 
manometer  and  microphone  for  VSKCO  EI-ECTROMC  IIARUW.VRKi  Hardware  »  TenninaU  •  Terminal  B««rdx  •  Printed  CireuiM 
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Multi-Channel  Link 
Test  Equipment 


The  three  groups  of  instruments 
featured  below  are  representative 
equipments  from  the  wide  variety  of 
Marconi  measuring  facilities  for  both 
baseband  and  rf  circuits  in  multi¬ 
channel  links.  These  designs  have  been 
specifically  evolved  by  Marconi 
engineers  to  meet  the  exacting  test 
requirements  in  this  specialized  field 
of  telecommunications. 


WHITE  NOISE  TEST  SET 

OA  1249 

Noise  generator  and  receiver  for  the 
measurement  of  baseband  intermodu¬ 
lation  and  noise  by  slot  technique 
covering  from  24-  to  960-  channel 
bands  (12  kc  to  4028  kc). 


U.H.F.  TEST  SET  OA  1248 

Signal  generator,  receiver  and  noise  generator  for 
general  rf  tests  in  the  17(X)-  to  2300- Me  band. 

Send  for  leaflet  BI30 

MARCONI 

INSTRUMENTS 


DERIVATIVE  TEST 


SET  OA  1259 

Sweep  generator  and  display 
unit  for  fast  and  accurate 
adjustment  of  linearity  con¬ 
trols  on  modulator  and 
demodulator  stages.  Sweep 
width  ;  ±  20  Me ;  center 

frequency,  65  to  75  Me. 


Ill  CEDAR  LANE  ENGLEWOOD  NEW  JERSEY 

Telephone :  LOwell  7-0607 

CANADA  :  CANADIAN  MARCONI  CO  •  6035  COTE  DE  LIESSE  *  MONTREAL  9 

MARCONI  INSTRUMENTS  LTD  •  ST.  ALBANS  •  HERTEOROSHIRE  •  ENQLANO 

rc  no 
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intracardiac  cathetcrism.  Dimen¬ 
sions  of  the  transducer  arc  0.1  in. 
diameter  by  0.^  in.  oscrall  length. 
It  is  slipped  into  the  human  heart 
at  the  end  of  a  0.02-in.  diameter 
coax  cable.  'Iliis  cable  is  imlK-ddcd 
in  a  double  lumen  catheter.  Intra- 
cardiac  pressures  and  sounds  arc 
simultaneously  translated  into  a 
frequency -modulated  signal.  Circle 
325  on  Reader  Service  Card. 


D-C  Power  Supplies 
wide-range  units 

SoRF.NSF.N  &  Co.,  Inc.,  Richards 
.•\\c..  South  Norwalk,  Conn.,  offers 
two  Magnetic  Rangers.  tulx.-lcss 
wide-range  regulated  5-36  v  d-c 
power  supplies,  the  MR36-15  with 
0-1 5  ampere  output  and  the  MR36- 
30  with  0-30  ampere  output.  Units 
feature  0.25  percent  regulation 
accuracy,  0.2  sec  response  time. 
105-125  V  a-c  input.  150  mv  ripple, 
and  continuouslv  variable  outputs. 
I  Iiev  have  magnetic  am|3]ifier  con¬ 
trol  circuits  with  transistorized 
power  references  and  zener  diode 
comparison  circuits.  Circle  326  on 
Reader  Service  Card. 


Frequency  Standard 
long  term  stability 

L.woii;  I..\ROK.M()Kii:s.  Inc.,  Mata- 
wan-l'reehold  Roiid,  Morganville, 
\.  |.  Hie  I..\90  5-mc  frequency 
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standiird  offers  long  term  stability 
to  iKtter  than  one  part  in  one  bil¬ 
lion  (1  X  lO"*),  in  a  compact  pack 
age.  In  its  design,  the  unit  incor 
porates  a  new  approach  to  precise 
crvstal  o\en  regulation. 

Due  to  the  inherent  stabihts  of 
the  quartz  clement  and  proper 
crystal  aging,  long  term  o|xration 
results  in  temperature  shifts  of  less 
than  O.OIC.  Knvironmental  tem 
|xratnre  range  is  0  C  to  sO  C. 
Circle  327  on  Reader  Service  C'ard. 


WBD  Precision 
Alloys  are  Meeting 
the  Challenge  of 
Industry's  Most  Unusual 
Applications 


In  addition  to  the  complete  line  of^iecision  resistance,  chemical  and 
mechanical  alloys,  Wilbur  B.  Driver  produces  alloys  for  special  pur¬ 
poses.  These  custom  alloys,  vacuum  wielted  and  processed  into  wire 
or  strip,  solve  critical  production  prob!es*s.  This  new  service  provides 
industry  with  complete  engineering  and  ixroduction  facilities  and  fea¬ 
tures  one  of  the  nation’s  largest  vacuum-nTmitmg  installations.  Ask  our 
Sales  Engineering  Department  > 

for  complete  information.  p 


Wideband  Amplifier 
bilateral  unit 

Instriimknts  I'oR  Indusiry,  Inc... 

I  iO  Cilen  Cove  Road,  Mineola, 
N.  V.  Ilie  Super  Video  amplifier 
mrxlel  M-39v\  is  a  new  and  im¬ 
proved  version  of  the  M-395.  'I'hc 
com|xmy  has  improxed  the  1-f  re¬ 
sponse  from  1,000  cxcles  to  ap¬ 
proximately  230  cycles,  increased 
the  gain  from  70  db  to  80  db,  im¬ 
proved  the  output  voltage  capabili¬ 
ties  from  1  v  rms  to  2  v  rms  and 
reduced  tlie  hum  output  from  40 
mv  to  23  mv.  The  cutoff  charac¬ 
teristic  has  been  changed  so  that 
there  is  a  gradual  falloff  from  30 
me  to  approximately  70  me. 
Weight  is  reduced  from  43  to  30 
Ih.  Circk’  328  on  Reader  Service 
Card. 


Precision  alloys  for  all 
applications  including  — 

Nickel  Chrome  Filament  and  Grid 

Heat  Resisting  Beryllium  Copper 

Low  Temperature  Coefficient  Stainless  Steel 
High  Temperature  Coefficient  Pure  Nickel 
Glass  Sealing  Monel' 

'T.M.  International 
Nickel  Co. 


available  in  wire,  rod,  ribbon  and  strip 

with  insulations  of  enamel,  Formvar,  liquid  Nylon, 
cotton,  silk.  Nylon  and  fibre  glass 


Connectors 
high  temperature 

WIP  Inc.,  Harrisburg,  Pa.,  has 
available  connectors  cmploving 
high  temperature  stainless  steel, 
high  tempx'rature  silver  alloy  con¬ 
tacts,  special  temperature  resistant 


WILBUR  B.  DRIVER  CO. 

Main  Office:  NEWARK,  N.  J.  •  Tel.  HUmboldt  2-5550 
For  Over  1,0  Years  Melters  and  Manufacturers 

of  Precision  Alloys  for  All  Industries 

Mf|.  Plants:  1875  McCARTER  HWY.,  NEWARK  4,  N.  J.  •  2734  INDUSTRIAL  WAY,  SANTA  MARIA,  CAL. 
In  Canada:  CANADIAN  WILBUR  B.  DRIVER  CO.,  LTD.,  85  KING  STREET  EAST.  TORONTO  1,  CANADA 
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ENGINEERS:  Electronic  &  Mechanical  PhySICistS 
Research  •  Development  •  Pilot  Production 


ds’  =  dxVdyVdz*-c'dr 


Is  today  the  same 
as  yesterday? 


ceramic  dielectric  materials,  and 
fine  siKer  seals  for  high  altitude 
and  extreme  atmospheric  condi¬ 
tions.  'Ihc  7-contact  radiation  re¬ 
sistant  connector  for  7-16  Awg 
wire  is  illustrated.  It  features 
crimped  on  contacts.  The  connec¬ 
tor  was  deseloped  for  use  in  an 
o|xrating  environment  of  lOO.OOO 
ft  plus  altitude,  a  minimum  corona 
starting  \oltage  of  560  \  and  flash 
o\er  voltage  of  960  v.  Circle  529 
on  Reader  Service  Card. 


Every  now  and  then  a  man  stops  ond  takes  stock  of 
himself  and  his  career.  He  sizes  up  what  he  has  accom¬ 
plished.  Where  he  is  heading. 

If  you  are  doing  just  that  and  find  that  you  are  ready 
for  a  long  step  forward — for  increased  responsibility  and 
stature — it  may  poy  you  to  consider  Melpor. 

These  forces  will  be  working  for  your  advancement 
when  you  join  our  organization:  diversified  and  stimulat¬ 
ing  programs  with  an  opportunity  to  follow  projects  from 
inception  to  prototype  completion  or  production;  an  at¬ 
mosphere  of  professionalism  and  regard  for  your  individual 
ideas  and  contributions;  a  promotion  policy  based  solely 
on  your  ability;  a  steady  program  of  expansion  which  con¬ 
tinually  creates  new  positions. 

Our  well  equipped  laboratories  and  manufacturing  fa¬ 
cilities  are  located  near  suburbs  that  promise  gracious 
living  for  your  family  and  easy  commuting  for  you. 

For  details  about  career  opportunities  at  Melpor,  write: 
Technical  Personnel  Representative. 


^MELPAR  Incorporated 

Subsidiary  of  Westinghouse  Air  Brake  Company 

3037  Arlington  Boulevard,  Falls  Church,  Virginia 


10  miles  from  Washington,  D.  C. 

Opofimgs  are  oho  avaifab/e  at  our  laboratories 
in  Boston  and  Watortown,  Massachusotts 


Transformers 
molded  construction 

Microtr.vn  Co.,  Inc.,  HS  F..  Min- 
cola  A\c.,  V^allcy  Stream,  N.  Y., 
has  available  a  line  of  transistor 
driver  and  transistor  output  trans¬ 
formers  in  molded  construction. 

I  hev  are  designed  to  meet  the  re¬ 
quirements  of  MIL-r-27A  class  R 
and  S  grade  2  or  4.  Reliable  life 
is  10.000  hr  minimum.  High  tern 
jK-rature  epoxy  is  used  in  the  mold¬ 
ing  of  these  units  for  protec¬ 
tion  against  temperature  extremes. 
Mounting  is  bv  means  of  standard 
channel  ears,  threaded  studs,  or  in¬ 
serts.  rerminal  pins  are  arranged 
for  use  with  dip  soldered  printed 
circuitry.  Circle  350  on  Reader 
Serv  ice  Card. 


Solid  Pin  Headers 
for  tube  bases 

Advanced  Vacuum  Products, 
Inc.,  122  Liberty  St.,  Stamford, 
Conn.,  announces  a  new  line  of 
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solid  pin  headers,  for  use  as  elec¬ 
tronic  tidx-  bases,  that  can  witli- 
stand  teinjxratnres  of  700  C.  Pins 
of  niolybdeninn.  Monel,  Kovar, 
copper-cored  nickel  can  be  her- 
inetically  sealed  to  95  percent  A1,0, 
by  bra/ing  with  siher,  copper  or 
nickel  gold.  Circle  531  on  Reader 
Sersice  Card. 


Sweep  Generator 
has  high  output 

'l  l  I.  -  Insi  KOMKN  I  Ki.kc  i  romcs 
CoRP.,  728  Garden  St.,  Carlstadt. 

N.  J.,  announces  the  type  1105 
radar-video  swexp  generator,  a  new 
test  instrument  for  radar  sweep 
checking.  Featuring  high  output 
and  \erv  low  harinonic  distortion, 
the  instrument  provides  for  the  ob¬ 
servation  of  frequencv-vs-amplitudc 
characteristics  of  wide  kind  cir- 
cuitrv,  such  as  radar  and  video 
amplifiers  and  filters.  'I  en  crvstal- 
controlled  frexjuenev  markers  of 

O. 01  |XTCent  accuraev  are  provided 
to  indicate  one  to  10-mc  points. 
Circle  332  on  Reader  Service  Card. 


Terminals 
and  connectors 

.\MP  Inc.,  Harrisburg,  Pa.,  an¬ 
nounces  a  new  line  of  Strato- 
'nierm  high  temperature,  heat  re¬ 
sistant  terminals  and  connectors  for 


ONLY  FAIRCHILD 
CAN  DELIVER  ALL  OF  THESE 
RELIABILITY  FEATURES 

at  the  loicest  price  in  the  industry! 


1.  Welded  terminal  and  taps.  A  positive  elec¬ 
trical  and  mechanical  bond  to  withstand 
high  temperatures,  shock  and 'vibration. 

2.  Machined  metal  case  for  retention  of  ac¬ 
curacy,  especially  under  high  temperature 
and/or  humidity. 

3.  Metal  inserts  in  molded  wiper  hubs  for 
positive  wiper  positioning,  for  accuracy 
under  shock,  vibration,  acceleration. 

4.  Precious  metal  resistance  wires  where 
needed  for  extremely  low  noise  values.  8. 
especially  in  corrosive  atmospheres  and 

for  long  storage  life. 


5.  Precious  metal  contacts  for  low  noise  and 
high  temperature. 

6.  One  piece  wiper  construction  for  life,  ac¬ 
curacy,  low  noise  and  low  torque. 

7.  Stainless  steel  clamp  bands  capable  of 
withstanding  high  torque,  and  the  stresses 
and  strains  of  shock,  vibration*  and 
acceleration. 

Precision  stainless  steel  ball  bearings  — 
for  low  torque,  high  temperature,  high 
vibration  and  shock  characteristics. 


PLUS  100%  inspection  AND  a  separate  Quality  Control  program  which  puts  1  out  of  every 
100  production  units  through  complete  environmental  torture  tests. 


Since  the  ultimate  price  of  a  potentiometer  is 
directly  related  to  the  reliability  built  into  it 
. .  .  you  only  get  what  you  pay  for  in  a  “pot”. 

Only  Fairchild  Linear  and  Non-Linear  High 
Reliability  Pots  incorporate  all  of  the  above  fea¬ 
tures.  This  High  Reliability  group  can  be  had 
in  to  2"  diameters,  single  and  multi-turn,  in 
standard  and  high  temp  versions  and  with  ac¬ 
curacies  as  high  as  .009%. 

For  more  information  write  Dept.  IIT. 


*Fairchilcl's  Built-in  SAFETY  FACTORS 
Beyond  the  Specs  for  Reliability  in  Performance. 


CQAkPONENTS  DIVISION 


(^ONTROLS  CORPORPTION 


??S  Fatk  A*»nue 
Hi(hs»iiir  I  I,  H  V 


bill  I  Wish'nglon  Btvd 
loi  XngFlrs  Cj* 


Potentiometers  •  Gyros  •  Pressure  Transducers  •  Accelerometers 
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■'  .J 


iriance  in  th«  m*<al  •l(h' 


A  complel*  line  of  chomicalt  including 
phofo-roiitl,  acids,  inks,  oxide  inhibitors 
and  louch'up  solutions,  otc.,  which  hove 


A  free  consulting  sorvico  to  our  clients. 


A  completely  integrated  service  from 
start  to  finish.  . 


HORTHEAST  CIRCUIT  lABS  CORP. 

454  MAIN  STREET  •  WILMINGTON,  MASS. 
PHONE  OLIVER  8-2024 


SERVE 


FLORIDA'S 


METROPOLITAN  AREAS 


FROM  A 


DAYTONA  BEACH 


INDUSTRIAL  SITE 


aircraft  and  missile  circuits.  'Ihc 
new  line  gives  sound  electrical  and 
mechanical  perforinance  at  continn 
ous  teinjxTatures  as  high  as  1,200  1’ 
and  at  cvclic  temperatures  as  high 
as  2,000  F. 

Both  terminals  and  connectors 
provide  fnllv  circumferential  sup¬ 
port  to  the  wire  insulation  for  vibra¬ 
tion  resistance,  ^\’ire  size  range 
covers  22  through  10  .\vsg.  llie 
Strato-'I’herm  line  includes  flag, 
spade,  ring  tongue,  slotted  tongue 
and  rectangular  tongue  terminals  as 
well  as  a  complete  line  of  parallel 
and  butt  connectors.  A  catalog  is 
available.  Circle  3T3  on  Reader 
Service  Card. 


2  MINUTES! 


LET  NORTHEAST  show  you  how  to 

TRIPLE  YOUR  PRODUCTION  AND  PROFITS. 


POSITIONS  OPEN  FOR  OUALIFIED 
PHOTO-ENGRAVERS  AND  SALESMEN 

CONTACT  MU.  ROBERT  GlOUO 

personnel  manager 

For  information  »rite.  »1rr  or  phone: 


Ultrasonic  Cleaner 
for  lab,  production 

.\i.cAR  Instruments.  Inc.,  17  In¬ 
dustrial  .\ve.,  I.ittle  Kerry,  N.  )., 
has  a  new  ultrasonic  cleaner  for 
small  part  cleaning,  blind  hole 
wisiimg.  removal  of  radioactive 
Cf.i'.iimn.ition.  p-c  cleaning  and 
t!ic  like.  Ibc  electronic  generator 
delisers  sO  w  of  power  to  crvstal 
transducers  mounted  on  the  Ixit- 
tom  of  the  6  in.  bv  6  in.  bv  6  in. 
stainless  steel  tank.  It  holds  2 
(|uarts  of  lK|uid.  Price  is  S^sO. 
Circle  TT4  on  Reader  Service  Card. 


CIRCLE  *9  READERS  SERVICE  CARD 


ATTRACT  AND  HOLD  TECHNICAL  PERSONNEL 


JACXSOMVIUI 


Daytona  B«ach.  the  east-to- 
west  terminal  on  the  north- 
to-south  route  of  the  proj¬ 
ected  Federal  Limited  .Access 
Freeway  System,  gives  indus¬ 
try  a  plus  for  the  future. 


^IST 

/rAiMl 

•iachJ 


Force  Transducer 
with  high  output 

Knci.iFF  Insirumf.nis,  P.  O.  Box 
565,  Monrovia,  Calif.  Mmlel  9-1 
differential  transformer  tvpe  force 
transducer  features  the  high  output 


Write  for  new  90  page 
Industrial  Brochure 


INDUSTRIAL  DEPARTMENT 
CHAMBER  OF  COMMERCE 
DAYTONA  BEACH,  FLORIDA 
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of  1.68  V  full  scale  with  input  of 
1 1 5  V  a-c  at  60  cps  into  a  5,000  ohm 
resistive  load,  'reinperature  drift 
and  sensitivity  at  zero  are  inaxi- 
niuni  of  2  percent  at  full  scale  per 
100  F*’.  Present  units  have  75-lb  or 
240-lb  capacity  with  a  ring  element 
design.  Units  weigh  a  maximum  of 
3  lb  and  are  pickaged  in  a  case  3J 
in.  diameter  bv  2  in.  (excluding 
connections).  Thev  meet  or  exceed 
the  ensironmental  requirements  of 
M11.E-005272B.  Circle  335  on 
Reader  Service  Card. 


600  800  1000  1200  1400  1600  1800  2000 

FREQUENCY  -MC- 

Model  524 
DESIGNED  TO  REJECT  INTERFERENCE  IN  "L"  BAND 


Diode  Board 
for  computers 

TECH.Mm'Ks,  52  Jackson  .\\e., 
Hackensack,  N.  |.  Computer  de¬ 
signers  will  find  packaging  problems 
simplified  bv  integrating  the  new 
compact  diode  Ixiard  into  crpiip 
inents.  It  will  find  use  in  such  ap¬ 
plications  as  comerting  binary  to 
decimal,  straight  decimal  to  binarv 
coded  decimal,  and  other  nota¬ 
tions.  As  many  as  48  diinle  and 
resistor  elements  can  Ix'  mounted 
on  the  p-c,  22  terminal  phig-in 
board.  Over-all  Ixurd  dimensions 
are  3i  in.  bv  4  in.  bv  A  in.  Circle 
336  on  Reader  Service  Card. 


\ 


V 


H-V  Capacitors 
plastic  film  type 

11.  n.  &  K.  L.vbs,  Inc.,  P.O.  Box 
172,  Shelburne  Falls,  Mass.  Syncap 


When  size  anci  weight  are  important  factors  in  your 
rf  filter  selection,  turn  to  Bird  Electronic  for  your 
source  of  supply.  Our  engineers  will  design  an  rf 
filter  to  serve  your  exact  requirements  with  partic¬ 
ular  attention  to  component  density,  accuracy,  ease 
of  application  and  long-life  performance. 

Our  physical  facilities  to  produce  and  deliver  quan¬ 
tity  orders  dependably  can  be  relied  upon  to  meet 
your  production  schedules. 


Model  5241 


SIZE:  4-y4''xy4"x  i-'A"  frioaei 

WEIGHT:  5  ounces 
PASS  BAND:  225  to  400  me 
CUT-OFF  FREQUENCY:  400  me 
POWER  RATING:  50  woMs 

RF  INPUT  IMPEDANCE:  50-ohm  nominal 
ATTENUATION:  Less  thon  '/>  in  pass  band;  80  db  in  stap  band 

VSWR;  Insertian  lass  and  VSWR  are  very  low  in  pass  band 
CONNECTORS;  Most  miniature  types  / 


BIRD 


ELECTRONIC  CORP. 

EXprsss  1-3535 

1800  E.  38  St.,  Cleveland  14,  Ohio 

MTvsfvm  R*pi«f*fltariv*: 

VAN  GROOS  COMRANY.  Weodlond  Hills.  Calif. 
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KLEIN 


Mathias 


&  Sons 


CHICAGO  45,  ILLINOIS 


7200  McCORMICK  ROAD 


is  the  trade  name  for  a  new  line 
of  glass  encapsulated,  hermetically 
sealed,  h-v,  plastic  film  capacitors. 
Iliev  were  desclojxd  for  use  in  low 
current  power  supplies,  oscillo¬ 
scopes,  audio  coupling  and  bypass, 
electronic  computers  and  other  h-v 
applications.  Standard  units  arc 
available  in  a  voltage  range  of  from 
600  V  d-c  to  20,000  V  d-c  and  with 
capacitance  values  of  from  100  fifif 
to  1  ^f.  'I’emperature  range  is  from 
—  55  C  to  65  C  at  full  voltage- 
rating,  and  may  be  extended  to 
85  C  bv  derating  to  70  percent. 
Circle  557  on  Reader  Serxicc  Card. 


KLEIN 

shear  cutting  pl 


207-5C  shaar  cutting  obliqua  pliar  S’A 
inchas  long.  Coil  spring  koapt  (owa 
opart  raady  far  usa. 


LONG  NOSE 

SHEAR  CUTTING  PLIERS 


Here  is  the  greatest  advance  in  oblique 
cutters.  This  new  Klein  tool  with  shear 
blades  is  ideal  for  cutting  hard  wire  such 
as  tungsten  filament  or  dead  soft  wire. 
Also  recommended  for  cutting  small 
bundles  of  wire.  The  shearing  action 
assures  easy,  positive  cutting  at  all  times. 


Polsnl  opal  lad  far 


D-C  Motor 
miniaturized 

Cr.wier  Controls  Corp.,  Ccntci- 
brook.  Conn.  Tvpc  800  d-c  motor 
offers  an  extended  range  of  output 
speeds,  coupled  with  high  torque, 
low  current  drain,  and  excellent 
speed  stabilitv.  Output  speeds 
range  from  900  rpm  to  2  rpd  with 
gear  train,  and  frj)m  960  to  5.000 
rpm  without  gear  train,  prosiding 
maximum  torques  of  50  oz  in. 
and  0.6  oz  in.,  respectively.  Cur¬ 
rent  drain  mav  Ik-  as  low  as  50  ma. 
depending  on  the  particular  appli¬ 
cation.  V'oltage  ratings  are  from  5 
to  50  V  d-c.  Circle  558  on  Reader 
Service  Card. 


20S-6C  long  nota  ahaor  cutting 
pliar.  A  6V^>incli  long  noca  pliar 
with  thaor  blodat.  Point  of  nota 
Vit^nch  diomatar.  Ceil  spring  kaapt 
lows  epan  raody  for  usa. 


Regular  cutters  at  the  nose  give  added 
usefulness  and  convenience.  The  shear 
blade  is  easily  replaceable.  Flier  never 
needs  sharpening. 

This  plier  is  supplied  with  a  coil 
spring  to  keep  the  handles  in  open  posi* 
tion.  Can  also  be  had  with  Plastisol 
dipped  handles  if  desired. 

Write  /or  jull  injormation 


20t-6NC.  Similar  In  datign  to 
20S-bC  but  ravarta  sida  dasignad 
to  put  o  pesitiva  Ms-inch  hook  on 
tha  and  of  o  ratitlor  wira.  Smooth 
ona-motion  oparotion  tovas  pro¬ 
duction  tima  on  ovary  tolovision  or 
radio  sat. 


FREE  POCKET  TOOL  GUIDE 


ASK  YOUR  SUPPLIER 


100  yoors  of  tarvico  lo 
linoman,  oloctricions 
and  industry  is  bock  of 
this  naw  Pockot  Tooi 
Guido  No.  100.  A  copy 
wili  ba  sant  you  on  ro- 
quost  without  obliga¬ 
tion. 


Foroign  Distributor: 
Inlarnotionol  Slondord  Elactric  Corp, 
Now  York 


H-V  Power  Pocks 
transistorized 

Electronic  Rese.xrch  Associ.vtes, 
Inc.,  67  Eactorv  Place,  Cedar 


Ciltkliskid  ll$7 


Chicaio,  IIL,0  S  A. 


130 


CIRCLE  92  READERS  SERVICE  CARD 


Moy  23,  1958  —  ELECTRONICS  engineering  edition 


equipment! 


HEATHKITS 
GIVE  YOU 
TWICE  AS  MUCH 

equipment  for 
every  dollar 
invested 

Th«  famous  model  V-7A  Vacuum- 
Tube- Voltmeter  it  a  perfect 
example  of  the  high-quality 
instruments  available  from  Heath 
at  '/t  the  price  you  would  expect 
to  payl  Complete, 

only  '•2452 


Grove,  N.  New  ininiaturi/cd 
models  of  higli  soltage  regulated 
power  packs  incorporate  advanced 
circuitry  and  improsed  transistor 
types  which  permit  full  input  volt¬ 
age  to  Ik  rapidly  applied  and  dis¬ 
connected  abruptly'  without  de¬ 
terioration  of  jK'rformance.  High 
surge  current  such  as  produced  by 
sudden  connection  or  disconnec¬ 
tion  of  capacitances  will  not  cause 
transient  burnout.  'Hie  units  may 
Ik-  completely  short  circuited  with¬ 
out  damage  to  the  semiconductors 
or  other  components.  Circle  539 
on  Reader  Service  Card. 


F-M  Receiver 
covers  55-260  me 


Nkms-Ci.arki-;  Co.,  919  Jesup-Blair 
Drive.  Silver  Spring.  Md..  an¬ 
nounces  type  1701-.\  f-m  s{xcial 
purpose  receiser.  It  is  designed  to 
coxer  ass  to  260  me  range  with  an 
i-f  fre<|utncy  of  21. -4  me  and  an  i-t 
bandwidth  of  2  me.  Video  response 
is  100  cps  to  2  me. 

It  is  constructed  for  standard 
relay  rack  mounting.  Circle  340  on 
Reader  Senice  Card. 


Get  the  most  out  of  your  test  equipment  budget  by  utilizing  HEATHKIT 
instruments  in  your  laboratory  or  on  your  production  line.  Get  high 
quality  equipment,  without  paying  the  usual  premium  price,  by  dealing 
directly  with  the  manufacturer,  and  by  letting  engineers  or  technicians 
assemble  Heathkits  between  rush  periods.  Comprehensive  instructions 
insure  minimum  construction  time.  You’ll  get  more  equipment  for  the 
same  investment,  and  be  able  to  fill  your  needs  by  choosing  from  the 
more  than  100  different  electronic  kits  by  Heath.  These  are  the  most 
popular  "do-it-yourself”  kits  in  the  world,  so  why  not  investigate  their 
possibilities  in  your  particular  area  of  activity!  Write  for  the  free 
Heathkit  catalog  now! 


FREE  catalog 

Mail  coupon  below  for 
your  copy— Nowl 


Contains  detailed  descriptions 
of  Heathkit  models  available, 
Including  VTVM's,  scopes, 
generators,  testers,  bndges, 
power  supplies,  etc. 


HEATH  COMPANY 

A  SUBSIDIARY  OF  OAYSTROM,  INC, 
BENTON  HARBOR  14,  MICHIGAN 


Wire  Wound  Windings 
simplify  design 

Brys  Insirumf.nt  Co.,  7026  Sixth 
.\\c.,  Brooklyn  9,  N.  Y.,  has  an¬ 
nounced  a  scrxicc  created  to  pro¬ 
vide  greater  flexibility  for  electronic 


Also  describes  Heathkit  ham 
gear  and  hi-fi  equipment  in 
Mt  form.  100  interesting  and 
profitable  "do-it-yourself" 
projectsi 
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designers  who  have  unique  prob 
leins  in  eleetronies  and  nieehanical 
design  where  precision  wire  wound 
windings  are  to  be  designed  as  an 
integral  part  of  their  systems.  Po¬ 
tentiometer  and  resistor  manufac¬ 
turers  will  iK-nefit.  Circle  341  on 
Reader  Service  Card. 


THE 

ELEMENT 

OF 

ENVIRONMENT 


Audio  Tube 
hum-free 

CBS  IIytron.  .\  l^ivision  of  Co¬ 
lumbia  Broadcasting  Svstem.  Inc., 
100  Kndicott  St.,  Danvers,  Mass., 
announces  the  702  s  twin  trunk 
w  ith  folded-coil  heaters.  'I  he  new 
tilin'  was  developed  for  original 
equipment  and  replacement  use  in 
high-fidelitv  amplifiers  where  it  is 
said  to  minimi/.c  hum  and  noise 
generation. 

.\  high-mu  double  triinle,  the 
702  s  is  ruggedlv  constructed  and 
utilizes  precise  grid  and  mica  tol 
erances  for  consistentlv  low  micro- 
phonism.  Circle  342  on  Reader 
Service  Card. 


To  one  looking  beyond  the  four  walls  of  his  office,  environment 
might  be  defined  as  the  sum  of  ( 1 )  work  responsibilities  and 
(2)  colleague  personalities. 

The  System  Designers  we  seek  could  not  fail  to  be  stimulated 
by  (1)  assignments  of  a  most  advanced  nature  and  by  (2)  col¬ 
leagues  with  considerable  attainments  in  systems  engineering, 
behavioral  science  and  computing. 

The  advanced  nature  of  the  assignments  requires  at  least 
four  years’  experience,  including  circuit  design  or  development, 
equipment  construction  and  a  knowledge  of  logical  design  for 
computers.  Moreover,  the  position  also  calls  for  a  sound  back¬ 
ground  in  computer  programming,  the  ability  to  write  programs 
and  familiarity  with  the  IBM  700  series  or  similar  single  address 
parallel  machines. 

You  are  invited  to  write  for  more  information  or  phone  col¬ 
lect.  Address  R.  W.  Frost,  System  Development  Corporation,  2408 
Colorado  Avenue,  Santa  Monica,  Calif.;  phone  EXbrook  3-9411. 


Inverters 

transistorized 

Ki.KC  I  RONIC  RkSKARCII  .\sSOCIATF.S. 

Inc.,  67  h’actorv  Place,  Cedar 


SYSTEM  DEVELOPMENT  CORPORATION 

An  independent  nonprofit  organization,  formerly  a  division  of  the  Rand  Corporation 
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TO;  ALL  MANUFACTURERS 
FROM;  electronicJ 


electronics  publishes  all  new  product  Items  of  Inter¬ 
est  to  makers  and  users  of  electronic  and  allied 
equipment. 

The  reverse  side  of  this  card  provides  a  service  to 
subscribers  by  facilitating  the  flow  of  additional  in¬ 
formation  between  manufacturers  and  our  readers. 

Take  advantage  of  Reader  Service — and  the  readership 
of  electronics. . .keep  the  industry  informed  about  your 
New  Products  and  New  Literature  via  their  mention  in 
the  editorial  pages  of  electronics. 
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Cro\c,  N.  J.,  has  a  line  of  high 
power  transistorized  inserters  with, 
ratings  from  100  w  up  to  scseral 
ksa.  these  units  transform  low 
voltage  d-c  to  either  60  cps  or  400 
cps  a-c  and  completels  eliminate 
the  drawbacks  of  vibrating  or  me¬ 
chanical  c-quivalents.  'I  hev  are  self¬ 
starting.  duKle  stabilized  designs, 
vvliieh  use  special  "K”  c<»re  mag 
netic  circuits.  Circle  ^44  on  Reader 
Service  Card. 


Search  .  .  .  detect 
.  measure  vibration 

whether  ST^ON^,  or  FAINT 

J  u  u  u  \J  - - 


Pushbutton  Switch 
wide  selection 


Micro  Svviicii.  a  division  of  .Min¬ 
neapolis-1  lonevwcll  Regulator  Co., 
I'reejRirt.  111.,  announces  the  sOI'H 
line  of  precision  lighted  push  but 
ton  switches.  Short-stroke  momeii- 
tarv,  long-stroke  momentarv.  alter¬ 
nate-action.  two  position  alternate- 
action.  magneticallv  held  and 
turu-to-liold  switchc's  are  available. 
Circle  344  on  Reader  Service  Card. 


MB  VIBRATrON  DETECTION  SYSTEMS 
pinpoint  vibration,  help  you  de¬ 
termine  its  characteristics. 

The  MB  Vibration  Pickups  are 
a  first  essential  to  any  elTort  to 
eliminate  vibratory  motion  as  a 
source  of  trouble,  or  to  correct  for 
it.  They’re  both  sensitive  and 
rugged  —  to  meet  testing  needs  for 
aircraft,  missiles,  airborne  com¬ 
ponents  and  general  laboratory. 

Fixed  type  pickups  are  electri¬ 
cally  damped,  and  are  fastened  to 
specimen  in  any  position  from  ver¬ 
tical  to  horizontal.  Probe  type  is 
hand-held  for  exploring  large  sur¬ 
faces.  Adding  but  a  negligible 
gram  of  mass  to  the  test  specimen, 


it  indicates  actual  resonant  modes 
of  lightw'eight  objects. 

Converting  velocity  into  volt¬ 
age,  MB  Pickups  also  provide  data 
on  acceleration  and  amplitude. 
Output  can  be  fed  into  various 
accessories,  including  oscilloscope, 
wave  analyzer,  magnetic  tape  re¬ 
corder.  stroboscopes  (for  synchro¬ 
nizing  light  with  the  motion  and 
permitting  direct  visual  study). 
One  of  the  most  useful  of  acces¬ 
sories  is  an  MB  Ml.  M3  or  M6 
Vibration  Meter.  It  gives  direct 
readings  in  terms  of  acceleration, 
velocity  and  amplitude  and  ac¬ 
commodates  several  pickup  inputs. 

Send  for  detailed  bulletin  124. 


Circulator 
light  and  rugged 

Rvmic  Cori*..  P.O.  Box  IS  Cal.i- 
b.iv.iN.  C;.ilif.  M(k1c1  RXSinC  cir¬ 
culator  is  a  broadband,  compact, 
four  part  device  utilizing  the  prin¬ 
ciple  of  l  aradav  rotation  of  the 
plane  of  polarization  of  microwave 


MR  manufacturing  company 

A  DIVISION  OF  TIXTRON  INC. 

1075  Slole  Sirttt,  New  Haven  11,  Connecticut 
HEADOUARTEIIS  FOK  PRODUCTS  TO  ISOLATE  ...  EXCITE  ...  AND  MEASURE  VltRATION 


CIRCLE  9S  READERS  SERVICE  CARD 


ELECTRONICS  engineering  edition  — May  23,  1958 


\ 


4  Ounce  Contact  Force 
Gives  Relay  Reliability 


Contact  force  of  4  ounces  per 
contact  on  50  “G”  models  and  2 
ounces  per  contact  on  30  “G” 
models  of  “Diamond  H”  Series 
R  and  Series  S  miniature,  her¬ 
metically  sealed,  aircraft  type 
relays  is  one  of  the  most  impor¬ 
tant  factors  in  their  proven  high 
reliability. 

Though  absolute  reliability  of 
any  sin>ilar  device  is  im[)ossible 
to  guarantee  -a  bitter  fact  of  life 
recognized  by  all  electronic  engi¬ 
neers — close  approach  to  this  goal 
by  the  relays  manufactured  by 


I 

I 

U>.:: 


The  Hart  Manufacturing  Com¬ 
pany  is  the  basic  reason  they  are 
found  today  on  many  of  this 
country’s  headline-making 
missiles. 

In  addition  to  contact  force 
far  beyond  that  found  on  other 
relays,  “Diamond  H”  relays  have 
greater  contact  cleanliness.  Self¬ 
contamination  is  virtually  elimi¬ 
nated  by  a  completely  inorganic 
switch  mechanism,  as  well  as  use 
of  coil  materials  which  will  not 
dust,  hake  or  out-gas. 

Finally,  the  high  degrc*e  of  re¬ 
liability  that  is  designed  into 
these  relays  is  maintaincxl  in  their 
manufacture  by  high  quality 
workmanship  and  a  stringent  in- 
sfjection  policy  at  every  stage. 

In  addition  to  missiles,  and 
their  ground  control  systems. 
Series  R  and  S  relays  are  designed 
for  use  in  jet  engine  controls, 
computers,  fire  control,  radar 
and  similar  critical  applications. 

4PDT  units,  they  offer  an  ex¬ 
tremely  broad  range  of  i^erform- 
ance  characteristics,  including 
temperature  ranges  from  65® 
C.  to  125®  and  200°  C.;  ratings 
to  10  A.,  120  V.,  A.  C.,  and  26H 
V.,  D.  C.,  with  s|)ecial  ratings  to 
400  ma.  at  350  V.,  D.  C.,  or  down 
to  millivolts  and  milliampert's. 
Dry  and  wet  circuits  may  be 
safely  intermixed. 

For  more  information,  write 
today  for  Bulletins  R250  and 
8260.  For  quick  facts  about 
“Diamond  H“  switches,  ther¬ 
mostats  and  other  devices,  ask 
also  for  a  copy  of  the  “Diamond 
H”  Check  List  of  Reliable 
Controls. 


cncrgv.  The  design  is  a  compro¬ 
mise  between  size  and  ban<lwidtl>. 
iK-ing  4lrt  in.  long  and  operating 
o\cr  the  hand  8.4-10.2  kmc  w  ith  a 
mmimiim  of  1 4  db  isolaticm  and 
O.ss  db  insertion  loss,  lire  circu¬ 
lator  is  extremely  light,  rugged,  and 
can  Ik‘  pressurized  to  40  psig. 
Circle  44s  on  Reader  Sersice  Card. 


Magnetic  Amplifier 
push-pull  types 

Cn  ssr,  I  '.i  I  <;i  ROMCS.  Kc..  S2  41 
41st  .\\c..  Klmhnrst  “4,  N. 
\I(k1cI  C1'.-21  is  a  sensitise  push- 
pull  magnetic  amplifier  for  operat¬ 
ing  twin  loads  such  as  p  p  magnetic 
amplifier  jiower  stage,  hasing  tsso 
control  coils  diffcrcntialls  con¬ 
nected.  a  |M)larizcd  relay  of  differen 
tial  ts|K',  etc.  Complete  s|Kcifica 
tions  arc  asailablc.  Circle  446  on 
Reader  Sersice  C^ard. 


D-C  Amplifier 
differential  type 

KinTki.,  a  disision  of  Cohn  Idcc- 
tromes.  Inc..  4724  Kearny  Villa 
Road,  Box  624.  San  Diego  12, 
Calif.,  announces  the  model  114.\ 


THE 


HART 


MANUFACTURING 

COMPANY 


202  Bartholomew  Ave.,  Hartford  1,  Conn. 
Phone  JAckson  5-3491 
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BAUSCH  (y  LOMB 


StNCI 


cliflFcrcntiiil  d-c  amplifier  in  which 
tiie  input  and  output  arc  each  com¬ 
pletely  isolated  and  complcteh 
floating.  I'he  transistorized  unit 
prosides  extremely  high  common- 
ukkIc  rejection,  scry  low  drift, 
high  output  capahilits,  and  excel¬ 
lent  stabilits  and  linearits  .  .  ,  all 
unaffected  bs  load  or  gain  changes. 
Complete  specifications  are  asail- 
ablc.  Circle  347  on  Reader  Sersice 
Card. 


Baiun  Coil  Kit 
with  wiring  data 

Rarkkr  &  W’li  I  I.SMSON,  Inc., 
C.inal  St..  &'  Bcascr  Dam  Rd.. 
Bristol,  Pa.  Model  3976  bahin  coil 
kit  ntili/.es  a  single  compact  mount¬ 
ing  bracket  ssith  coils  mounted  at 
90  deg.  It  is  suitable  for  connecting 
cither  7S  ohms  unbalanced  t«»  300 
ohms  balanced,  or  “3  ohms  im¬ 
balanced  to  73  ohms  balanced.  'I  he 
air-ssonnd  bifilar  coils  are  designed 
for  o|XTation  on  the  SO  through  10 
meter  bands  without  tuning.  Unit 
has  a  rating  of  1  ksv  on  ssb.  300  ss 
c-w  and  230  w  maximum  a-m 
phone.  Circle  348  on  Reader  Sers- 
icc  C^ard. 


^  MICRO-VISION 
helps  RAYTHEON  develop  new 
SPACISTOR  amplifier 


new  semiconductor 


The  Spacistor,  Raytheon’s 

amplifier,  opens  new  horizons  in  missile  and  com¬ 
munications  equipment  design.  Still  in  develop¬ 
ment,  the  Spacistor  promises  to  combine  many 
advantages  of  transistors  and  vacuum  tubes. 

Viewed  through  a  Bausch  &  Lomb  Stereomicro¬ 
scope,  contact  points  that  are  normally  barely 
visible  can  be  positioned  with  hairline  accuracy. 
3-D  magnification  shows  all  parts  vividly,  right  side 
up.  Long  working  distance  permits  free  movement 
of  hands  and  tools  between  eyepiece  and  stage.  Dustproof,  shockproof 
optical  system,  with  sharp,  flat  images  free  from  distortion,  assures 
fatigue-free  viewing  throughout  prolonged  examination. 


Sptcitlor  shown  next 
10  ordinary  pinhead. 


BAUSCH  &  LOMB  OPTICAL  CO. 

70929  ST.  PAUL  ST..  ROCHESTER  2.  N.  Y. 

□  I'd  like  to  borrow  a  B&L  Scereomicroscope 
for  a  I5-da>'  trial  without  cost  or  obligation. 

□  Send  me  B&L  .A-D  Micro-Vision  Book  (Cat. 
D-l$),  containing  valuable  data,  showing  ac¬ 
tual  stereo  views. 


SEE  FOR  YOURSELF!  I 
MAIL  COUPON  FOR  [ 
FREE  15-DAY  TRIAL  I 


NAME 


Measuring  Bridge 
for  high  voltage 

Rlnupp  Co..  3457  Greenfield  .\ve., 
Los  Angeles  34.  Calif.,  announces 
type  2S0I  Schering’s  commntable 


TITLE 


COMPANY 


ZONE 


STATE 
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with  what 


precision  measuring  bridge  for  high 
\oltage.  riie  unit  is  used  for  capac¬ 
ity  and  dielectric  loss  measurements 
of  all  sorts  of  capacitors.  Ihis 
bridge  allows  measurements  at  ser- 
\  ice  voltages  and  frequencies.  Circle 
349  on  Reader  Service  Card. 


How  to  keep  informed  on  the 


your  business 


Lab  Drying  Oven 
priced  at  $55 

Crif.vf.-Mi  NDRY  Co.,  Isc.,  1401 
\y.  Carroll  .\ve.,  Chicago  7.  111. 
Model  L()-200-C  is  a  constant 
temperature  laboratory  oven  with 
temperature  range  to  200  C 
(400  F),  with  shelves  adjustable  for 
height  every  half  inch.  I'hc  oven 
has  features  which  make  it  ideal  for 
drying,  baking,  annealing,  steriliz¬ 
ing,  evaporating  and  heat  treating. 
Inside  dimensions  are  12  in.  wide 
bv  10  in.  deep  bv  10  in.  high. 
Circle  330  on  Reader  Service  Card. 


At  your  finger  tips,  issue  after  issue, 
is  one  of  your  riehest  veins  of 
job  information  —  advertising. 

You  might  call  it  the  “with  what”  type  — 

which  dovetaik  the  “how”  of  the  editorial  pages. 

Elasy  to  read,  talking  your  language,  geared 

specifically  to  the  betterment  of 

your  business,  thk  is  the  kind  of  practical 

data  which  may  well  help  you  do  a 

job  quicker,  better  —  save  your  company  money. 

Ekch  advertiser  is  obviously  doing 
his  level  best  to  give  you  helpful  information. 
By  showing,  through  the  advertising  pages, 
how  his  product  or  service  can  benefit  you 
and  your  company,  he  is  taking  his  most 
efficient  way  toward  a  sale. 

Add  up  all  the  advertisers  and  you’ve  got 
a  gold  mine  of  current,  on-the-job  information. 
Yours  for  the  reading  are  a  wealth  of  data 
and  facts  on  the  very  latest  in  products, 
services,  took  .  .  .  product  developments, 
materiak,  processes,  methods. 

You,  too,  have  a  big  stake  in  the 
advertking  pages.  Read  them  regularly, 
carefully  to  keep  job-informed  on  the 
“with  what”  part  of  your  business. 


Power  Supplies 
for  transistor  field 

Ferro  iR.vN  F.i.ecironics  Co., 
693  Broadway,  New  York  12.  N.  Y., 
has  developed  two  scries  of  tube¬ 
less  power  supplies  with  special 
application  to  tlic  transistor  fickl. 
Used  in  the  transistor  lab,  they  can 
operate  high  powered  audio  amp- 


McGRAW-HILL  PUBLICATIONS 
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standard  Choppers  now  rated 
in  excess  of  5,000  Hours  Life 


lificrs,  i-f  amplifiers,  converters,  and 
inverters.  In  the  radar,  guidance. 
t\  and  radio  lal)s,  they  can  Ik-  used 
as  sources  of  d-c  filament  voltage, 
magnetic  amplifier  supply  voltages, 
bias  \oltagcs,  and  the  like.  C'irele 
351  on  Reader  Sersiee  Card. 


LONG-LIFE  CHOPPERS 


an  aow  in  quantity  production 
at  Airpax.  Standard  miniatun 
choppers  have  demonstrated  the 
ability  to  remain  within  specifi¬ 
cation  2^  times  their  previously 
rated  life. 


Life  testing  in  dry  and  nearly  dry  circuits  shows 

that  Airpax  miniature  choppers  remain  within’:.^ 
ratings  for  over  10  times  the  life  required  by 
MIL-C-4856  (USAF).  Your  replacement  costs 
will  be  greatly  reduced  by  using  new  Airpax  " 
choppers ;  same  low  price  as  last  year’s  units 


Relay  Analyzer 
fast  and  accurate 

SciiMi.i  iNc;  F,i  i;ciROMt;s.  20  First 
St..  Kcv|)ort.  N.  ).  Model  HO  imi- 
\crs.il  relay  analv/cr  prosidcs  fast, 
accurate  testing  of  relass  under 
actual  contact  hxiding  includiug 
drv  circuit  switching.  U  checks 
c\crv  phase  of  relay  operation. 
csclmg  circuit  permits  automatic 
CAclmg  of  the  relay  at  a  rate  se¬ 
lected  hv  the  operator,  .\d.ipters  to 
accommudate  \arious  relav  t\|xs 
mas  Ik-  plugged  into  the  front 
p,inel.  C’ircle  352  on  Reader  Sersicc 
C'ard. 


^esr  < 


Charging  Chokes 
new  design 

OsnoRNF.  F.i.ectroxics  Corp..  “12 
S.  I-'..  Hawthorne  Blsd.,  Portland 
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A  MANUFACTURER  OF 
UNIVERSAL  JOINTS  SINCE  1919 


Ore.,  announces  new  charging 
chokes  for  electronic  systems.  In 
the  instruction  of  this  charging 
choke,  the  company  has  developed 
a  new  encapsulating  technique  to 
provide  a  casting  that  would  witli- 
stand  a  temperature  range  from 
—  40  C  to  +105  C.  Ihe  lavcr- 
wound  coil  is  eiiGipsulated  in  a 
special  material  developed  to  resist 
corona  effects  as  well  as  voltage  and 
tempK-'rature  shock.  Circle  355  on 
Reader  Service  Card. 


ON  %'and  'A'o.d. 

M>/>  -Maghetic 

TYPE  303  STAINLESS 


UNIVERSAL  JOINTS 


Manufacturers  of  electronic 
equipment  have  come  to  de¬ 
pend  on  Curtis  for  precision- 
made  non-magnetic  universal 
joints  of  18-8  Type  303  stainless 
steel,  in  the  sizes  most  fre¬ 
quently  used  in  the  industry. 
Other  sizes  are  also  readily  avail¬ 
able;  also  bronze  joints. 

Curtis  joints  benefit  by  a 
rigid  insistence  on  uncom¬ 
promising  inspection  and  qual¬ 
ity  control  at  every  stage  of 
manufacture,  insuring  mini¬ 
mum  backlash. 

Curtis  torque  and  load  rat¬ 
ings  are  entirely  dependable, 
since  they  are  based  on  con¬ 
tinuous  testing  under  actual 
operating  conditions. 

Not  sold  through  distribu¬ 
tors.  It  will  be  to  your  ad¬ 
vantage  to  write  or  phone 
(REpublic  7-0281)  for  free 
engineering  data  and  price  list. 


S.  S.  White  Flexible  Shafts  are  now 
used  in  hundreds  of  industrial  applica¬ 
tions  to  simplify  manufacturing  and  as¬ 
sembly  operations.  They  save  space  and 
reduce  weight ...  cut  costs  by  eliminat¬ 
ing  gearing,  universal  and  other  parts 
. . .  allow  more  efficient  positioning  of 
controls  and  controlled  parts. 

For  more  complete  details,  write  for 
Bulletin  5601.  It  has  full  information  on 
how  to  select  and  apply  flexible  shafts. 


Fuel  Gage  Tester 
accurate  to  0.1% 


rti.ECTRO  Industries  Corp., 
55-16  B”)!!  St.,  Long  Island  Citv  1, 
Y.  riic  MlYl  is  designed  to 
test  and  calibrate  aircraft  capaci¬ 
tance  tvpc  fuel  gages,  and  qualific-s 
under  MII,-r-85"9.  It  is  a  direct 
reading,  precision  variable  capacitor 
with  a  range  from  10  to  6,200  fiftt. 
Ihrough  the  use  of  a  main  dial 
and  a  vernier  dial,  the  technician 
c“an  easilv  read  all  capacitance 
values  in  mcrements  of  0.1  (ifif. 
Circle  354  on  Reader  Service  Card. 


TRADE 


UNIVERSAL  JOINT  CO.,  INC. 

19  iirni«  Springfield,  Mnts, 

At  near  to  yen  oi  yomr  ttlophono 


Inverter  Supply 
transistorized 

.M.vGNtiic  .\mpi.ii  lERS.  Inc  .  632 
rmton  .\vc..  New  York  55,  N.  Y. 
•Model  SIS-40311  static  inverter 


IN  fUUmt  SHAfIS 


S.S.  WHITE  INDUSTRIAL  DIVISION 
D«pl.  E,  10  East  40lh  StrMt,  N*w  York  16,  N.  Y. 
Woslorn  Offico: 

1839  Wott  Pico  BKd.,  Lot  Angolot  6,  Calif. 
CIRCLE  100  READERS  SERVICE  CARD 

138 


CIRCLE  101  READERS  SERVICE  CARD 

May  23,  1958  —  ELECTRONICS  engineering  edition 


uu 


IIi  C'.,  Inc.,  Bradley  I'lcld,  Wind¬ 
sor  Locks,  Conn.  New  I1G-2S\IP 
series  relav  is  a  pliig-iii  unit  with  an 


PROTECT  Delicate  ELECTRONIC  COMPONENTS 
While  Handling  in  Production  and  Shipment 
with  RONDO 

RONDO,  a  cardboard  device,  holds  and  protects  inserted  objects  by 
the  spring-clip  action  of  its  fluted  partitions.  Easy  to  load  and  handle. 
Various  sizes  and  styles  have  been  developed  for  many  parts,  such 
as  tubes,  resistors,  capacitors,  diodes,  fuses,  etc.,  with  diameters 
from  8  to  26mm  and  up.  • 

Maximum  efficiency  and  economy  are  accomplished  when  the  same 
RONDO  device  is  used  throughout  production,  storage,  shipping 
and  display.  RONDO  is  a  paper  product,  sold  at  paper  prices. 
Send  for  leaflet  and  suggestions  regarding  your  specifit  Packing  need. 

RONDO  PROCESS  AND  DESIGNS  ARE  COVERED  BY 
^  PATENTS  IN  ALL  MAJOR  COUNTRIES 


RECOGNIZED  ALL  OVER  THE  WORLD 

AMERICAN  RONDO  CORR,  lOOA  SANFORD  ST.,  HAMDEN  14,  CONN. 

PtiKtscnUtivrs  C.  S.  Sholwtll,  527  S  Alciandria  Ave..  Lot  Anfclcs.  Cal  •  Brown  &  Scratch,  664  N.  Michigan  A«e.  Chicago.  Ill.> 
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Plug-In  Relay 
rugged  device 


supply  is  a  high  accuracy  d-c  to  400 
ctclc  inverter.  I  requency  accuracy 
as  high  as  0.01  percent  is  offered. 
I  he  diminutive  size  (2  lb),  rngged- 
ness  and  high  accuracy  of  this  com¬ 
ponent  make  it  saluable  for  use 
with  computers,  ballistic  missiles, 
radar  systems  and  aircraft.  Further 
details  are  given  in  bulletin  S864. 
Circle  355  on  Reader  Scrsicc  Card. 


TELREX  LABORATORIES 


NEW,  FOR 

2-WAY  RADIO! 


Selenium  Rectifiers 
high  temperature 

Imkrxaiionai  Tii.i.piiom  Avn 
'I’n  I  (.RAPii  CoRiv,  100  Kingsl.md 
Road.  C'lifton.  N  J..  has  a  new  line 
of  I  ederal  high  temperature  sele¬ 
nium  rectifiers,  engineered  for  s|x- 
cifit  applications  to  2S  \  d-c  air¬ 
craft  ixiMcr  supplies,  w  here  ambient 
temperatures  range  from  —65  to 
-t-  125  C.  I  hev  pros  ide  high  elec¬ 
trical  output  per  unit  of  weight 
and  sohnne.  and  good  voltage  regn 
lation  from  20  to  200  amperes 
tvpical  output.  Circle  356  on 
Reader  Sen  iee  Card. 


A  Complete  Series  of 
Precision  Tuned,  Matched 
and  Calibrated  Antennas 
for  Every  2-Way 
Frequency  or  Need! 

New  broad-band 
ground-plane  antennas 
and  fixed  or  rotated 
Twin  Yagis  for  increas¬ 
ing  range  and  decreas¬ 
ing  interference. 


ILLUSTRATED- Unity 
gain  broadband, 
ground-plane  antenna 
tor  omni-directional 
general  coverage, 
mounted  atop  mast 
supporting  Twin  Yagis 
producing  high  gain, 
uni  directional  pat¬ 
tern. 

ALSO  AVAILABLE  - 

Rotaterand  Indication 
Systems.  Towers. 
Support  Masting.  Ac¬ 
cessories. 


Telrex  is  equipped 
to  design  and  supply 
to  our  specifications 
or  yows,  Broad¬ 
band  or  single 
frequency,  fixed  or 
rotary  arrays  for 
communications, 

FM,  TV,  scatter- 
propagation,  etc. 

Consultants  and 
suppliers  to 
communication 
firms,  universities, 
propagation 
lab^atories  and  the 
Armed  Forces. 


COMMUNICATION  &  TV 
ANTENNAS  StNCt  1971 


ASBURY  PARK  25 
NEW  JERSEY,  U.S.A. 

Tel.  PRospect  5-72S2 
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Magnetic  Modulator 
miniaturized  unit 

CENKRAt.  Magnetics  Inc.,  135 
Bloomfield  Avc.,  Bloomfield,  N.  J. 
.\  new  line  of  miniatnri/cd  mag¬ 
netic  modulators  is  especially  engi- 


asbestos  filled  melamine  socket  de¬ 
signed  spiecifically  for  ixrformance 
exceeding  standard  socket  units. 
Rotary  action  and  rugged  construc¬ 
tion  make  this  unit  suitable  where 
reliability  and  rapid  interchange¬ 
ability  arc  required.  Contacts  arc 
rated  up  to  5  amperes  and  250  v 
with  coil  operating  voltages  of  6  to 
1 1 5  V  a-c  or  d-c.  Contact  arrange¬ 
ment  is  1  or  2  pdt.  Sockets  are 
available  with  several  types  of  gold 
plated  h.’rminals,  and  can  be 
mounted  above  or  below  chassis. 
Circle  357  on  Reader  Service  Card. 


Sp«<ialitin| 
in  Icryllium  Copper 

Tools  -  Dios 

Metal  Stompinp 

Short  Run  Ports 


IRVING  TOOL  &  MFG.  GO. 

1315  Levee  St.  •  Dallas  7,  Texas 


Induction  Heaters 
wide  applications 


OUR  SHORT  RUN  STAMPINGS  ARE  CHEAPER  THAN  YOURS! 


That’s  how  we  invite  prospects . . .  and  we  keep  them  by 
proving  it! 

Irving  Tool  can  save  you  money,  too,  on  short  run  stampings. 
The  reason  is  we’re  Reared  for  inexpensive  short  runs. 

Costly  short  run  experiments  and  modifications  eat  up  your 
profits  —  let  us  show  you  now  how  to  save  on  this 
essential  phase  of  your  operation. 

Start  cutting  expenses  today  by  sending  your  specifications 
for  a  free  estimate  by  return  mail. 

Frpt  Brochur*  on  raquptt 


CIRCLE  105  READERS  SERVICE  CARO 


May  23,  1958  —  ELECTRONICS  engineering  edifion 


CIRCLE  104  READERS  SERVICE  CARD 


/l/lake 


a 


PORTABLE  D'ARSONVAL 


GALVANOMETER 


FOR  MEASURING  HEMOGLOBIN  con¬ 
tent  of  blood  samples,  the  Fisher  Sci¬ 
entific  Co.  of  Pittsburgh  uses  a  Model 
100  G-M  Galvanometer  in  its  popular 
Electro-Hemometer  (at  left).  What¬ 
ever  your  own  particular  instrument 
field,  you  con  achieve  this  same  self- 
contained  portability,  ruggedness  and 
high  sensitivity  with  G-M  Galvanom¬ 
eters.  Complete  catalog  on  request. 


LllOIITORIEShr. 


Roboiron  Corp.,  21300  West 
Right  Mile  Road,  Detroit  19, 
.Mich.  .\  full  line  of  induction  heat¬ 
ing  units  IS  available  in  three  fre¬ 
quency  ranges:  low  frequency,  7i 
to  1,750  kw,  1-10  kc,  motor  gen¬ 
erator  jiowered;  medium  frequency, 
3  to  50  kw,  -450  kc,  electronic 
generator  equipped;  and  high  fre¬ 
quency,  3  to  20  kw.  27.1  me,  elec¬ 
tronic  generator  equipped.  Circle 
358  on  Reader  Service  Card. 


SPECIFY 

Linde  Sapphire 

TWAOt-MAAK 


nccrccl  for  printed  circuit  wafer 
designed  structures  and  circuit 
asseiuhlics.  New  “Mag  Mod”  coiu- 
|)oueuts  offer  design  advantages  in¬ 
cluding:  ( I )  faster  time  relay;  (2) 
negligible  livsteresis;  (3)  extreme 
stability  —  ambient  tem|K'ratnre 
range  from  —  65  C  to  +  135  C; 

(-f)  compact  size;  (5)  light  weight;  ' 
(6)  infinite  life  for  complete  re¬ 
liability.  Circle  359  on  Reader 
Sersice  Card. 


Strip  Chart  Recorder 
direct-writing 

Mandrh  Kuhsiriai  Insiro- 
MiMS,  5134  Cflenmont  Drive. 
Houston.  Texas.  I  hc  KR-20  direct- 
writing  strip  chart  recorder  is  de¬ 
signed  for  recording  electrical  data 
from  d-c  to  100  cps.  I'eaturing 
direct-conpled  .nnplifiers  which  gi\c 
a  sensitisitv  of  2  mv/mm.  it  is 
priced  at  S550  including  amplifiers. 
Stvhis  deflection  on  each  channel 
IS  40  mm,  with  an  acenraev  of  2 
|xrcent.  I'.lectrosensitisc  paper 
eliminates  the  need  for  anv  inking 
system.  Circle  360  on  Reader  Serx- 
ice  Card. 

Capacitor  Test  Chamber 
self-contained,  portable 

CoNRsn,  Inc.,  141  Jefferson  St., 
Ilolland,  Mich.,  has  a  new  design 
capacitor  coefficient  testing  cham- 
Ix-r.  It  has  an  adjustable  indicat¬ 
ing  temperature  control  for  the 
range  of  -l-  1  50  C  to  —  70  C.  with 
proportioning  action  for  heating  or 
cooling  demand,  whichever  is  lie- 
ing  controlled.  'Iliis  equipment 
|xrmits  stabilitv  of  items  on  test  to 


LINDE  Sapphire  is  .  •  • 

Hard -Mob  9 

Tran.'‘parent,  single  crystal,  pure 
aluniiiiuni  oxide 

Nonporons  — Jioro^ity 

Ea^ily  sealed  to  metals  and  ceramics 

Priee<l  eompctitively  with 
sintered  materials 

LINDE  Sapphire  has  . .  • 

Strength  at  elevated  teinpi'ratures 

High  melting  iMiint— 2040®  C. 

Excellent  IR  transmission 
at  high  temperatures 
(above  500°  C.) 


LINDE  Sapphire  is 
available  as  .  •  • 

^  indows 
Domes 

Rods  and  tubes 
Special  shapes— to  order 

For  more  information  about 
I.INDF.  Sapphire  .  .  .  ^  rite  "Crys¬ 
tals  Dept.  BD-51.”  Linde  Com¬ 
pany,  Division  of  Union  Carbide 
CorjHiration.  .30  East  42nd  Street, 
New  York  17.  N.  Y.  In  C.anmla: 
Linde  Company,  Division  of 
Union  Carbide  Canada  Limited. 


ENGINEERS  AND  SCIENTISTS  interested  in  working  in  Synthetic 
Crystal  Sales  &  Development,  contact  Mr.  A.  K.  Seemann,  Linde  Com¬ 
pany,  30  E.  42nd  St.,  New  York  17,  N.  Y. 


Tiu/e 


UNION 

CARBIDE 


The  terms  **Liiide** 
•Dd  Carbide** 

are  refiilered  trade- 
marlit  ef  Vaien 
Carbide  Cerporatieiu 
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NEW  RADIAL  SERIES 


NEW  PARALLEL  SERIES 


NEW  CO  AXIAL  SERIES 


Inctrptriltd 


STROMBERG-CARLSON 


as  close  as  1/10  F,  as  measured 
with  static  load  conditions.  Circle 
361  on  Reader  Service  Card. 


with  greater  flexibility^^'" 

. . .  extreme  miniaturization! 


The  latest  additions  to  the  growin>’  line 
of  "Vitramon”  Capacitors  feature  smaller 
mounting;  area,  lower  inductance,  and  more 
versatility  of  application  —  plus  all  the  phe¬ 
nomenal  electrical  characteristics  for  which 
"Vitramon"  Capacitors  are  noted  —  fine 
silver  electrodes  fused  to  pure  porcelain 
enamel,  pierfectly  bonded  to  provide  siahtl- 
sty,  uide  temperature  range,  humidity  im¬ 
munity,  low  loss,  low  noise. 


Recorder 
dual-channel  unit 


An  extension  of  the  A  R  Series, 
giving  minimum  size  >t  SOO  volt 
rating  up  tu  lOU  mmf 

•  Thin  design  —  5  64“  to  7  64" 

•  Versatile  mounting  —  can  be 
used  aaially,  radially,  or  on 
edge 

•  Ideal  for  minute  circuit  assem* 
biles 


Brush  Instritments.  Division 
Cles  itc  Corp..  3403  Perkins  .\\c., 
Cleveland.  Ohio.  I  he  Mark  II  dual 
channel  recorder  is  claimed  to  he 
a  practical  production  tool  to  be 
used  on  main  work  benches  where 
direct  writing  recording  has  previ- 
ouslv  lx;en  considered  t<K)  compli¬ 
cated  and  expensise.  It  proxides 
immediately  visible,  jKrmanent 
chart  recordings  on  two  channels 
oxer  a  wide  amplitude  and  fre- 
c|uency  range  (d-c  to  100  cps). 
Oscillograph  and  amplifiers  are  in¬ 
corporated  as  an  integral  unit  o|> 
crated  by  connecting  its  one  poxxcr 
cord  to  any  a-c  outlet  Sensitixitx 
is  10  mv  per  chart  line.  Circle  362 
on  Reader  Service  Card. 


In  such  precision  operations  as  auto-  ' 
mation  programming,  you  can  now  ' 
eliminate  the  risk  of  pushing  more 
than  a  single  button  at  a  time. 

This  new  interlock  feature  is  based 
on  a  simple  arrangement  of  sliding 
cams.  Only  one  button  at  a  time  can 
be  depressed.  This  feature  is  available 
in  all  multiple-pushbutton  assemblies 
(7,  10,  12  and  20  button  arrange¬ 
ments). 

All  “telephone-quality”  advantages 
of  Stromberg-Carlson  keys  continue 
as  before.  You  may  apply  “make,” 
“break,”  “break-make”  and  “make- 
before-break”  combinations  as  re¬ 
quired.  You  get  standard  spring  com¬ 
binations  with  Form  A,  C  or  D  con¬ 
tacts — or  you  may  order  special  strips 
of  keys  with  intermixed  contacts. 

Buttons  are  available  in  white  or 
colors — blank  or  with  letter  or  number 
designations. 

For  complete  techni- 
cal  data  on  Stromberg-  . 

Carlson  Key  Switches  ■  Q) 

send  for  our  illustrated  ^ 

Bulletin  T-5002R.  * 


Frzturev  both  Iczdi  from  one  rir.zlf 
flee  for  miniiiurc  primed  board 
applications 

•  Tiny  mounting  area  —  11/64"  x 
9  32" 

•  Lead  spacing  0.2" 

•  Capacitance  through  1000  mmf. 
at  100  vdc 

•  Designed  for  automatic  inser¬ 
tion 

•  Packed  for  cartridge  feeding 


Offers  fee-l'ihrouph  and  stand  off 
geomeirv.  retaining  iradiiinnal  ex- 
celleni  electrical  proprriies  ispual 
of  "Viiramon  rapaciiors  Provides 
terminal  usable  as  stud,  evelci  or 
cnnnetiine  « ire 


•  Compatible  with  MIL-C-10960B 
requirements 

•  Very  low  inductance 

•  Flexible  leads 

•  Maximum  height  from  mounting 
surface  1  4"  for  1000  mmf 
unit 


Standard  Axial  Series  and  Axial  Radial  Series 


Tbe^e  two  rushed,  vandird  rapac* 
ifor  series  have  capatitiet  Jr.im 
0  ^  mmf  to  mmf  Standard 

tolerance  of  mjminal. 

mith  a  minimum  of  ±0  2^  mmf. 
Closer  tolerance)  also  available. 


Tiny  Connectors 
give  true  sealing 

The  Dehtsch  Co.,  7000  .\xaloii 
BIxd.,  Los  Angeles  3,  Calif.  Txxo 
nexv  series  of  miniature  electrical 


STROMBERG-CARLSON 


A  DIVISION  OF  GENERAL  DYNAMICS  CORPORATION 
Telecommunication  Industrial  Sales 
114  Carlson  Road.  Rochaster  3,  N.  Y. 

Electronic  and  communication  producte  for 
home,  induitry  and  defenee 
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receptacles- the  DMshOO  and  DM- 
s60f>-are  available.  Units  are  de¬ 
signed  to  gi\e  true  hermetic  scaling 
against  high  g  forces,  heat  and 
cold  extremes,  pressure  and  atmos- 
irheric  variations,  vibration  and 
corrosion. 

'Ilie  hermetic  seal  is  obtained  by 
a  Dentsch  process  in  which  special 
allov  conductor  pins  are  fused  in 
a  furnace  with  compression  glass 
insidation  into  a  s]x;ciallv  designed 
steel  shell. 

.\\ailable  in  standard  and  scjiiare 
flange  tvpc’s.  the  units  mate  with 
the  DNIbsOZ  rack  and  panel  ping 
and  DMQTOO  series  miniature 
pnsh-pnll  pings.  Circle  363  on 
Reader  Scrsicc  Card. 


Blower  and  Motor  in  1“  Cube 
Cools  and  ventilates  miniature  equipment 

''  APPLICATIONS 

Designed  for  use  in  aircraft  and  •  Maintaining  uniform  flow  of  air 

■1  o  j  •  1.  in  restricted  spaces, 

missiles,  this  Sanders  Minicube  „  ^.  .  . 

•  Preventing  fogging  of  lenses  and 
Blower  is  ruggedly  packaged  .  .  .  viewing  glasses. 

operates  over  wide  ranges  of  vibra-  •  Eliminating  hot  spots  around 

Klystrons  and  other  electronic 
tion,  acceleration  and  temperature.  tubes  and  devices. 

SPECIFICATIONS 

Input:  400  cps.  3  watts  Spaed:  22,000  rpm  approx. 

Voltage;  Model  lA  —  6.3  volts  Siie:  I'x  1' x  1* 

Model  2A  —  26  volts  Weight:  1  1/4  oz 

for  complete  detiils  about  prices,  delivery  schedules,  and  conformance  to  military  specifications,  write: 

SRnOERS  R  SSOCIRTE^^-m 

/  ’  NASHUA,  NEW  HAMPSHIRE 


INGLEWOOD,  CALIFORNIA  • 
CIRCLE  110  READERS  SERVICE  CARD 


Beam  Power  Tube 
compact,  economical 

CBSIIviron.  Parker  St..  New- 
biirvport.  Mass.,  aiiijoimccs  the 
iiexv  USN-31')21B  pulse  modulator, 
a  compact,  economical  l)caiii  jxiwcr 
tube-  cajwblc  of  dclixcriiig  21  kw  m 
10  yiscc  pulses.  I  he  31')21B  may 
.ilso  be  used  as  a  h-x-  blocking  oscil¬ 
lator.  hard  sxxitch  tulK-,  deflection 
amplifier,  and  regulator  or  pass  tulx: 
III  h-x  supplies. 

I  he  tul>e  features  an  opcn-txpc 
plate  of  large  area  for  high  thermal 
dissipation,  a  non-xxarping  cathode, 
.ind  gold-plated  sjxcial  alloy  grids 
xvitli  heaxv  side  rods  and  oxersi/c 
heat  radiators. 

.\  button  stem  and  large  leakage- 
slots  in  the  Mipixirt  micas  con¬ 
tribute  to  its  h-v  capabilities;  the 
tube-  is  rated  to  withstand  a  plate 
pulse  xoltagc  of  5  kv.  Circle  36-4 
on  Reader  Scrxice  Card. 


RACAL  ENGINEERING  LTD.  BRACKNELL.  BERKSHIRE,  ENGLAND 

Represented  m  U  S  A.  by  Represented  m  Canada  by  r 

AVCO  MANUFACTURING  CORPORATION.  INSTRONICS  LIMITED, 

k  Research  A  Advanced  Development  Division.  II  Spruce  Street. 

^  20  South  Union  Street.  Lawrence.  Mass.  StictsyiHc.  Ontario. 
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Literature  of 


stoddart 

coaxial 

attenuators 

and 

terminators 

made  ivith  exclusive 
Stoddart  Filmistors 
for  highly  accurate 


and  stable  resistive  values 


6  position  TURRET  ATTENUATORS 

vjith  simple  ''pull- turn-push''  operation 


Extremely  precise  resistance  values  from  dc  to 
3000  me  are  maintained  by  Stoddart-developed 
Filmistors  —  thin  metallic  films  in  ceramic  forms 
which  are  assembled  in  properly  designed  coaxial 
sections.  Turret  units  are  small,  and  built  for  long 
service. 


VSWR;  Better  than  1.2  to  3000  me. 
Characteristic  Impedance:  50  ohms 
Attenuation  Value:  Any  value  from 
0  db  to  60  db 
Accuracy:  ±0.5  db 
Power  Rating:  1.0  watt  sine  wave 
Connectors:  Type  N,  female 


I 


ATTENUATOR  PADS 

Uniform  size,  many  combinations 


You  can  specify  these  small  "in-the-line” 
pads  in  any  conceivable  combination  of 
male  and  female  Type  C  and  Type  N  con¬ 
nectors.  Single  pads  with  female  connectors 
can  be  provided  with  flange  for  panel  mount¬ 
ing.  Convenient  to  use . . .  pads  have  maxi¬ 
mum  length  of  only  3'  for  any  attenuation 
value.  Electrically,  pads  are  the  same  as 
those  in  turret  model  above. 


COAXIAL  TERMINATIONS 

small,  stable  — 50  or  70  ohm 


Vi-watt  terminations— 50  ohms  impedance, 
TNC  or  BNC  connectors,  to  3000  me.  Low 
cost.  VSWR  less  than  1.20. 

1-watt  terminations— 50  ohms,  DC  to  3000 
me  or  DC  to  7000  ok.  VSWR  less  than  1.20. 
Type  N  or  Type  C  connectors,  male  or 
female.  70-ohm,  Type  N,  male  or  female  ter¬ 
minations  available. 

Platinum  film  resistors,  gold-plated  elec¬ 
trical  contacts,  durable  satin  chrome  exte¬ 
rior  finish.  Wattages  are  continuous  sine 
wave  ratings. 


All  items  immediately  available  from  stock 

Send  for  Attenuator  Catalog  AS 

aircraft  radio  co.,  inc. 

6644  Santa  Monica  Blvd.,  Hollywood  33,  Calif.  *  Hollywood  4-9294 


MATERIALS 

Infrared  'I'Tansiiiitting  Materials. 
Ser\()  Corp.  of  .\incrica,  20  20 
lericlu)  Turnpike.  New  Ihde  Park. 
N.  .\  new  brochure  provides  re¬ 
vised  coinparative  information  on 
1  s  different  infrared  transinitting 
materials  suitable  for  use  as  optical 
elements.  'Pransmission  curves  arc 
included  for  the  1 1  most  important 
materials.  Circle  365  on  Reader 
Seniee  Card 


COMPONENTS 

Crystal  Filters.  Burnell  &  Co., 
Inc.,  10  Pelham  Parkvvav,  Pelham, 
\.  Y.  .\  4  page  brochure  includes 
technical  data,  typical  and  repre¬ 
sentative  eimcs  of  crvstal  filters 
that  have  been  developed  and  arc 
manufactured  by  the  companv. 
Svmmetrieal  band  pass  filters, 
asymmetrical  or  ssb  filters,  narrow¬ 
band  and  wide  band  filters  arc 
described.  Circle  366  on  Reader 
Service  Card. 

Magnetic  Shields.  Magnetic 
Shield  Division  Perfection  Mica 
Co.,  1  322  North  Klstoii  .\vc., 
Chicago  22,  Ill.  Data  sheet  135 
illustrates  and  deserilKs  the  new 
multi-laminae,  smaller  space  factor, 
hvdro  formed  complex  configura¬ 
tion,  non-shock  sensitive,  iion-reten- 
tive  Netic  Co-Netie  magnetic 
shields  for  guidance  control  devices. 
Circle  367  on  Reader  Service  Card. 

P-C  Standards.  Cleveland  .Metal 
Specialties  Co..  17S3  K.  21st  St., 
Cleveland  14,  Ohio,  has  published 
a  boijk  entitled  “Military  Stand¬ 
ards  lor  Printed  Circuits”.  Price  is 
75  cents  to  defray  handling  and 
|)ostage  charges.  Circle  368  on 
Reader  Service  Card. 

Servo  Catalog.  Davstrom  Pransi- 
coil  Corp.,  Worcester,  Montgom¬ 
ery  Countv,  Pa.  .-X  22-page  catalog 
describes  the  company’s  complete 
line  of  servo  motors,  motor  gener¬ 
ators  and  synchros.  ,\  photographic 
description  of  the  facilities  and 
service  available  at  the  companv 
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the  Week 


arc  also  included.  Circle  369  on 
Reader  Sersiec  Card. 

Solid  Delay  Lines,  .\nderson 
l..iboratories,  Inc.,  301  New  Park 
Ave.,  W  est  Hartford.  Conn.,  lias 
issued  a  4-page  bulletin  describing 
their  facilities  for  research,  design 
and  niannfactnre  of  sjxciali/ed  high 
tiualits  ultrasonic  solid  delay  lines. 
Circle  370  on  Reader  Service  Card. 


EQUIPMENT 

Digital  MckIuIcs.  Computer 
Control  Co..  Inc.,  92  Broad  St., 
W'elleslev  37.  Mass.  Catalog  T 
contains  14  pages  of  descriptise  in¬ 
formation  and  technical  specifica¬ 
tions  on  the  new  transiston/.ed 
r-P.\C  one  megacvcle  digital  mod¬ 
ules.  .\vailahilitv  of  the  com|)anv’s 
sersices  is  also  noted.  Circle  371 
on  Reader  Sersice  C'ard. 

Ferromagnetic  Omipnting  .\m|>- 
lifter,  .\irpax  Products  Co.,  City 
of  Plantation.  I't.  Lauderdale.  Fla. 
.\  four-page  folder  has  been  issued 
as  a  supplement  to  bulletin  221. 
It  contains  tentatise  ratings  and 
s|K-cifications  for  60-cps  lerrac 
amplifiers.  Circle  372  on  Reader 
Scrsice  Card. 

Pulse  Handling  Instruinents. 
Rutherford  F.lectronics  Co..  S944 
l.indblade  St..  Cnlser  City,  Calif., 
has  issued  a  comprehensise  catalog 
of  their  pulse  handling  instru¬ 
ments.  It  lists  two  ts|x-s  of  time 
delav  generators  and  four  basic- 
types  of  pulse  generators  with  sev¬ 
eral  modifications  thereof.  Circle 
377  on  Reader  Service  Card. 


FACILITIES 

Cable  Systems.  Rolx’rtshaw- 
!•  niton  Controls  Co.,  401  N.  Man¬ 
chester,  .\naheim,  Calif.  I’acilities 
and  capabilities  of  a  new  cus¬ 
tom  electronic  cable  manufactur¬ 
ing  center  for  missile  and  aircraft 
rerpiirements  is  explained  in  tech- 
iiic-al  bulletin  Rl'-582.  Circle  374 
on  Reader  Serxitx*  Card. 


QUALITY 

at  th«  Indium  Corporation 
of  Amorica  moani  purity 
of  motaU,  and  ttrict  ad- 
horonco  to  tpooficationt.  * 

SERVICE 

moanr  prompt  dolivory  to 
cuttomon,  and  to<hnical 
holp  in  tpo<ific  u«ot  of 
Indium. 

RESEARCH 

moan*  "forward  looking" 
with  ro«po<t  to  now  prod¬ 
ucts  and  now  tochniguos. 


...and  shipped  exoct/y  as  specified  —  that's  our 
pledge  to  you.  For  instance.  Indium  Corporation 
spheres  and  pellets  are  carefully  placed  in 
containers,  then  sealed  into  a  transparent,  plastic, 
tamper-proof  wrapper.  Inside  each  wrapper,  is  a 
printed  tag  reading  "IF  THIS  PACKAGE  HAS  BEEN 
OPENED  IN  TRANSIT,  WE  DO  NOT  GUARANTEE 
THE  PRODUCT." 

We  make  sure  that  what  you  receive  is  exactly  what 
you  ordered  —  and  you  can  be  sure,  too. 

Through  years  of  research  and  experimentation, 
we  hove  pioneered  ond  developed  the  techniques 
of  producing  INDIUM  in  quantities  for  use  by 
industry.  Our  experience  and  technical  helps  are 
at  your  service. 


WRITE  TODAY  to  Dept.  E-558  for  new  Indium 
bulletin:  "INDALLOY"  Intermediate  Solders. 


INDIUM 


CORPORATION  OF  AMERICA 
1676  LINCOLN  AVENUE  UTICA,  NEW  YORK 
Sinct  1934  .  .  ,  Pioneers  in  the  Development  and 
Applications  of  Indivm  for  Industry. 
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PLANTS  AND  PEOPLE 


assist.mt  to  the  president. 

IXnid  /eller,  Owen  ).  Ott  and 
Clark  .\.  Denslow,  all  presionsly 
asseteiated  with  l.lectro-Mechain 
cal  Research  Corp.,  join  the  com¬ 
pany  as  research  engineer,  senior 
research  engineer  and  industrial 
engineer,  resixc ti\  ely. 

)oscph  11  Marchese,  formerlv 
with  Kainan  .Aircraft  Cairj).,  is 
hired  as  research  engineer. 

IXita-Control  Svstenis  is  now 
initiating  poKlnction  of  proprie¬ 
tary  products  in  the  missile  tele¬ 
metry  field.  Present  plants  emi- 
sage  the  development  of  mfonna- 
tion  handling  systems  together 
yvitli  improyed  components  for 
these  systems. 


EAI  Enters  Control  Fields 


Ki.fctromc  .Associai  I  s.  Inc.. 
Long  Branch,  N.  J.,  enters  the  auto¬ 
matic  data  processing  and  process 
control  fields  by  forming  a  control 
instrumentation  section  yy  ithin  the 
company’s  engineering  department. 
Heading  the  ncyv  group  is  German 
phy  sicist  \\  olfgang  I  lames,  pic 
tured  (second  from  left)  yyith  other 
members  of  the  neyy  section— hy¬ 
ing  Bogner.  D.  .\.  Baumann  and 
Stephen  Marev. 

K.\I  president  Lloyd  t.  Chris¬ 
tianson  points  out  the  company  has 
gamed  much  information  about 
process  o|K‘ration  and  control  re- 
c|uiremcnts  in  yarious  industries. 
Ihe  firm’s  experience  over  the 
years  came  largely  through  simula¬ 
tion  and  analysis  of  customers’ 
problems  at  its  y  arious  computation 
centers.  Present  plans  call  for  close 
liaison  betyveen  the  control  instru¬ 
mentation  section  and  the  compu¬ 
tation  c-enter  personnel,  to  offer 
maximum  Ixiiefit  to  customers. 

In  speaking  of  the  control  in¬ 
strumentation  group.  Harries  said 
it  yvould  lx  concerned  yvitli  data 
logging,  closed  loop  control  sys¬ 
tems.  computer  entry,  and  com¬ 
puter  linkage  systems. 

He  reyealed  that  for  more  than 
a  year  E.M  has  Ixen  conducting  an 
intcnsiyc  deyelopment  program  on 
such  items  as  loyv  leyel  amplifiers, 
transducer  calibration  units,  elec¬ 
tronic  multipliers,  yoltage-digital 
converters,  uniyersal  digital  logic 
elements,  and  controlled  format 
digital  ta]X  recorders.  .All  of  these 
systems  building  blocks  employ 
solid  state  technic|ues  and  are  de¬ 


signed  for  niaxiimnn  flexibility. 

Typical  of  contracts  in  process 
savs  the  company .  is  a  sy  stem  which 
automatically  scans  and  digitizes 
the  outputs  of  numerous  yapor 
chromatographers  and  preparc-s  the 
digital  information  for  computer 
analysis.  “This  system  is  p.irticu- 
larh  interesting  Ix’cause  it  yvill  sig¬ 
nificantly  increase  reactor  efficiency 
in  a  petroleum  plant  by  faster  and 
more  precise  analysis  of  reactor 
products,"  Harries  explains. 

I  le  notes  that  his  group  will  also 
be  concerned  yvitli  military  applica¬ 
tions. 


Set  Up  New  Firm 
In.  California 

ll.yyiNC.  left  their  ixi^itioiis  yyith 
the  r.  of  Galifornu.  K.idiation  Lab¬ 
oratory.  W’.  \I.  Brolxck  and  I' 
.Andressen.  )r.  recently  formed  their 
oyvn  organization  in  Oakland.  Calif. 
'The  neyy  firm.  W  illiam  B.  Brobeck 
&  Associ.ites.  yyill  s|xciahz.e  in  en¬ 
gineering  research,  design  and  de 
velopment. 


AAM&AA  Appoints 


Ni.yv  manager  of  application  engi¬ 
neering  for  the  industrial  controls 
division  of  Manning.  Alaxyvell  & 
M(K»re.  Inc.,  is  Kdimiiid  R.  Leh¬ 
mann.  Previously  he  yvas  yvitli 
I'isher  &  Porter  (Canada)  Ltd.,  and 
McColl-I  rontenac'Oil  Co.  He  is  a 
jiast  president  of  the  Montreal. 
Oiiebec.  chapter  of  the  Instrument 
Society  of  .America. 


Name  Schooley 
To  New  NRL  Post 


Data-Controls 
Adds  to  Staff 


Api’oini  xiiM  of  .Allen  11.  Schoolcv 
(picture)  as  associate  director  of 
research  for  electronics  at  the  U.  S. 
Naval  Research  Laboratory  is  an¬ 
nounced.  He  succeeds  Robert  M. 
Page,  noyy  director  of  research. 

ScluKiIey  had  recently  resumed 
his  position  as  sn|XTintcndent  of 


Fivi'.  personnel  additions  to  the  re¬ 
cently  formed  Data-Control  Sys¬ 
tems  Inc..  Danbury.  Conn.,  are 
announced. 

I  .  L.  Tarris,  formerly  yvitli 
Philips  Tlectronics  Inc.,  becomes 
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Uivliion  ok  Mancirel  Indu-stries,  Ino. 


^550.00 


Two  channol 


with  amplifiori 


^350.00 


Ono  chonnol 


comploto  (Mcond 


chonnol  con  bo 


odded  lotor) 


STRIP  CHART  RECORDER 
ER-20 


*520.00 


X-Y  RECORDER 
ER-90 


8)6“  X  11"  graph  paper,  10 
mv./in.  standard  (1  mv./in* 
available),  one  second  full 
scale.  Accuracy  —  Better  Than 
0.75%. 


Mandrel  Industries  affers  a  source  of  graphic  recording  instruments 
based  on  o  realistic  philosophy  —  functional  equipment  at  a  reoson- 
able  price!  To  provide  you  with  such  equipment  our  Industrial 
Instruments  divisian  has  been  created.  Behind  Mandrel's  guarantee 
of  workmonship  is  twenty-seven  years  of  experience  manufacturing 
specialized  electronic  devices  for  thousands  of  customers  and  an 
annual  sales  volume  of  $8,000,000. 

We  would  like  to  send  you  more  detailed  specifications  for  the 
instruments  pictured.  AAay  we? 


Write: 


Mandrel  Industrial  Instruments 
5134  Glenmoni  Drive 
Houston  (36),  Texas 


D-C  AMPLIFIER 

Chopper  stabilized  drift-free  d-c  pre¬ 
amp  for  meter-movement  type 
recorders.  10  mv.  across  1  megohm 
produces  1  ma.  in  1500  ohms. 


*120.00 


Response  D-C  to  1(X)  c-p-s,  2  mv./mm. — 
40  mm.  total  deflection.  Electro-sensitive 
paper,  2  speed  chart  drive,  9"  x  12"  x  9". 
17  lbs. 


GALVANOMETER 

OSCILLOGRAPH 

ER-102 

Time-proven  design  from  geophysical 
industry  now  available  for  industrial 
use.  Photographically  records  up  to 
50  traces,  crystal  or  externally  con¬ 
trolled  flash  timing.  Wide  choice  of 
light-beam  galvanometers  provides 
performance  to  your  specifications. 


PV.3  INVERTU 
13  or  34  veh  d-<  input 
produces  115  volt  SO, 
60  or  400  c-p-s  outpvt. 
150  v-«.  Broquency  ac¬ 
curacy  and  stobiKty 
0.01  %l 


OYNAVOIT 
VIMAT10N  PICKUP 
AAoviisg-coil.  seW-geaer- 
eling,  O.S  veil  /  inch  / 
second 
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/  SMAI.I.- 
^  THINK 
MICR0I30T 


MICRO-MINIATURE 
COAX  CABLES  & 
CONNECTORS 

Reliability  and  high  performance 
with  a  minimum  of  size  and 
weight.  Proven  by  applications 
in  military  and  commercial  fields, 
one  million  combinations  of 
Microdot  micro-miniature  co¬ 
axial  cables  and  connectors  avail¬ 
able  from  stock.  Assemblies  made 
by  the  exclusive  Microdot  tech¬ 
nique  to  assure  prompt  delivery 
on  standard  and  custom  designs. 


write 
for  new 
36  page 
catalog 


Our  tales  engineers  are  located  in  all 
major  cities  to  readilj/  assist  vou  in 
special  design  and  standard  applica¬ 
tions.  "Think  Small— Think  Microdotl’ 


MICRODOT,  INC. 

220  PASADENA  AVENUE 
SO.  PASADENA,  CALIFORNIA 
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NRL’s  electronics  clisision  after  a 
year’s  leave  of  absence.  During 
this  time,  he  served  under  the 
terms  of  the  Mutual  Assistance- 
Pact  as  an  advisor  to  the  Brazilian 
Navv  in  matters  related  to  the  es- 
tahlishmcnt  of  a  Brazilian  Naval 
Research  Institute  in  Rio  dc 
Janeiro. 


Name  Marcher 
Works  Manager 

Rkcim  appointment  at  Clcvitc 
Transistor  Products.  W'altham, 
.Mass.,  moves  .Albert  J.  Ilareher 
(picture)  from  production  manager 
to  the  position  of  works  manager. 

Ilareher  was  formerlv  associated 
with  CBS-I  lytrou.  as  plant  manager 
for  both  the  Newburvport  and 
Kalamaz.oo  tv  picture  tube  opera¬ 
tions.  l-’arlier  he  had  served  the 
compaiiv  as  temporary  plant  man 
ager  m  Lowell.  Mass.,  and  as  chief 
engineer  in  charge  of  developing 
rectangular  tv  picture  tubes. 

Sylvania  Buys 
More  Land 

rwi.M  Y-six  acres  of  land  in  Santa 
Cruz,  Calif.,  were  recently  pur¬ 
chased  by  Sylvania  Electric  Piod- 
ucts,  Inc.,  for  future  expansion  of 
its  computer  component  manufac¬ 
turing  operations.  Since  last  No¬ 
vember,  the  companv’s  SvHvania 
Electronic  Systems  division  has 
been  operating  a  small  faeilitv.  cm 
ploying  2  s  manufacturing  people. 

May  23, 


and 


I  METAL 
STAMPINGS 

We'll  prove  that  our  high 
speed  production  means 
lower  unit  costs  for  you  I 

I  You’ll  save  two  ways  —  ( 1 )  the  ini¬ 
tial  low  unit  cost  made  possible  by 
'  high  speed  machines,  (2)  precision 
and  quality  control  guarantees  accu¬ 
rate  parts  and  performance. 

STRAIGHTENING  AND  CUHING 
Perfect  straight  lengths  to  12  feet. 
.0015  to  .125  diameter. 

WIRE  FORMS 
.0015  to  .125  diameter. 

SMALL  METAL  STAMPINGS 

.0025  to  .035  thickness. 

.062  to  3  inches  wide. 

Specializing  in  production  of  parti 
for  electronic,  cathode  ray  tubes  and 
I  transistors. 

1  Write  for  illustrated  folder. 

ART  WIRE  AND  STAMPING 
COMPANY 
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r  Send  ^ 
blueprint 
or  samples 
for 

.  estimate  , 


in  leased  quarters  at  Santa  Cruz. 

Ccudun  McClure,  manager  of 
tilt  present  ojx.-ration,  said  the 
company  has  no  immediate  plans 
for  construction.  Size  of  the  opera¬ 
tion  and  number  of  employees 
needed  arc  still  to  be  determined. 


Helms  Joins 


Giannini 


N'r  \v  thief  engineer  of  the  Giannini 
1  ransduter  Division.  Pasadena, 
Calif.,  is  \\  alter  I  lelms.  I  Ic  comes 
to  his  new  jxist  from  Dallas,  'I'exas, 
where  he  held  a  mimlKi'  of  design 
and  sujxrsision  cngincx-ring  posi¬ 
tions  with  Chance  Vought  Aircraft, 
Int. 


Fenwal  Gets  New 
Sales  Manager 

II.  I .  Andki  ws  (picture)  has  Ixrcn 
promoted  from  sides  engineer  to 
sales  manager  of  Itnwal  Klec- 
tronies.  Inc..  I  ramingham,  Mass. 
He  will  Ik  responsible  for  all  com¬ 
pany  sales,  including  precision  ther¬ 
mistors.  custom  designed  thermistor 
prolKs  and  assemblies  and  special 
high  precision  tem|Krature  indica¬ 
tion  and  recording  instruments. 


Little  Takes 
New  Position 

Pnii  i.ips  Pr  i  Roi.raiM  Co.  hires 
Richard  1.  Little  as  electronics  engi- 


AIRCRAFT 


l/ERSATILin 

to  meet  any 
customer  requirement 


MISSILE  TRAINING  SYSTEMS 


A  SUBSIDIARY  OF  UNITED  INDUSTRIAL  CORP. 
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unprecedented  ... 

TRUE  RMSVTVM 

/\/\with  accuracy 

Exclusive  from  Trio  Labs— laboratory 
precision  measurement  of  complex 
waves  with  VTVM  versatility  . . . 

New  Model  120-1  overcomes  the  errors 
of  spikes  and  harmonics  in  peak 
responding  and  average-reading  meters 
(5%  harmonics  can  effect  errors  as  high 
as  1.7%)  and  of  phase  of  harmonic 
shift  in  both  types.  Deflection  is  directly 
proportional  to  square  of  current 
through  dynamometer  meter  movement- 
hence  true  RMS  direct-readings. 
Incorporates  laboratory-standard  meter  with  7-inch 
custom-calibrated  mirror  scale.  Ranges:  lOMV  to 
500  RMS  volts  full  scale.  Input  Z:  10  meg.  Freq. 

Response:  50-2000  cps.  Accuracy:  of  full  scale  on 

all  ranges.  Power:  115  VAC,  50-400  cps.  Price  $985.00. 

Writ*  for  FREE  "how-to"  ENGINEERING  GUIDE  on 
Trio  Lobs  completo  lino  to  Dopt.  E-S, 

Trio  Loborotorios,  Inc.,  Sooford,  N.  Y. 


when  ordinary  instruments 
are  too  big  or  inadequate  .  .  . 
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I 


For  Those  Who  Demand  Service! 


ELECTROLYTIC 
&  PAPER 
TUBULAR  ^ 


35  YEARS  OF  PROVEN 
DEPENDABILITY" 


nccr  with  its  atomic  energy  division. 

rhe  eompanv  operates  tlie  Idaho 
eheinieal  prcKessing  plant,  the  en¬ 
gineering  test  reactor,  the  materials 
testing  reactor,  and  the  special 
})ower  excursion  rcactoi  test  facili¬ 
ties  for  the  AKC  at  the  National 
Reactor  Testing  Station  west  of 
Idaho  Falls. 


DC-AC^ 

CHOPPERS 


Executive  Moves 


Eleven  types, 
both  single  and 
double  pole. 

Long  life. 

Low  noise  level. 
Extreme  reliability. 
Write  for  Catalog. 


Carroll  M.  NN’hite,  manager  of 
Fl.\’s  Mobile  R.idio  Commnnica- 
tion,  has  resigned  to  accept  a  posi¬ 
tion  as  executive  secretary  of  the 
Special  Industrial  Radio  Sersices 
.\ssociation  (SIRS.\),  effective  )nlv 
1.  IQSS. 


Harry  I’.  Troeiidiv  is  np|Kd  to 
group  vice-president  of  Borg- 
Warner  Corp.,  Chicago,  111.  lie 
comes  to  the  central  office  manage¬ 
ment  group  from  the  corporation’s 
Spring  Division  where  he  had  been 
president  since  1953. 
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Electrical  Coil  Windings 


Pecar  F.lectronics,  sound  equip¬ 
ment  distributors,  has  moved  to 
larger  quarters  at  11201  Morang  at 
Somerset.  Detroit  2-1,  Mich.  The 
new  IcKation.  with  “.000  sq  ft  of 
floor  space  marks  the  seventh  ma¬ 
jor  expansion  in  the  past  12  vears. 

NeinvCIarke  0».,  Silver  Springs, 
,Md.,  announces  ex|>.msion  of  Arnir 
space  21.000  sq  ft  in  an  adjacent 
building. 

F.O  l•'.lectroIlics,  Inc.,  mannfactnrers 
and  developers  of  electronic  instrn- 
inents,  has  moved  into  its  newlv 
completed  plant  located  at  Morris 
.\vc..  Mountain  Fakes.  N.  I. 

Pesehel  F.lectronics.  Inc.,  h-v  test 
equipment  specialists,  moves  its  of¬ 
fice  and  plant  to  a  newlv  acquired 
204-acrc  site  in  Towners,  N.  Y. 

F.  ).  Stokes  Co.  of  C'anada.  l  td., 
Canadian  snbsidiarv  of  I’.  |.  Stokes 
Corp.,  Philadelphia,  Pa.,  has  moved 
its  Toronto  headquarters  to  -119S 
Dnndas  Street  W  est. 

Heath  Co.,  a  snbsidiarv  of  Day- 
strom,  Inc.,  moves  to  a  larger  plant 


For  40  years  .  .  .  specializing  in  all  types  of  coils  to 
enstomers’  specifications.  Design  or  engineering  assist¬ 
ance  available  on  requesc 


SINCE  1»17  ^ 

65  Pavilion  Avenue  Provridence  5,  Rhode  Island 
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COSMIC  CONDENSER  CO. 
153  Whittier  St.,  Brem.  N  Y. 

fNOHI 

.  lueitv  9  33S0 
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.1 


Using 

Thermistors 


Edited  by 

FENWAL  ELECTRONICS 


Thermistors  are  “thermal  resistors” 
with  a  high  negative  temperature  co- 
etticient  of  resistance  —  semi-con¬ 
ductors  with  amazing  sensitivity. 


Thermistors  discussed  here  —  for 
liquid  level  measurement  and  as 
altimeters. 


Liquid  level  measurement:  When  a 
thermistor  is  suspended  in  air  in 
series  with  a  light  bulb  and  battery, 
the  bulb  lights,  because  the  thermis¬ 
tor  heats  and  resistance  drops,  per¬ 
mitting  current  to  flow  to  the  bulb. 
Reversing  this  process,  a  thermistor 
submerged  in  a  liquid  (Fig.  1)  cools, 
extinguishing  the  light.  This  is  a 
liquid  level  indicator.  A  liquid  level 
control  substitutes  a  relay  for  the 
light  bulb. 


i 

T 


fig.  1 


Altimeter:  A  hypsometer,  an  ex¬ 
tremely  sensitive  altimeter,  is  a 
thermistor  placed  at  a  liquid’s  .sur¬ 
face  (F'ig.  2);  thermistor  resistance  is 
a  function  of  the  liquid’s  boiling 
point,  which  depends  on  the  altitude. 
A  hypsometer  of  this  type  can  meas¬ 
ure  altitude  from  .sea  level  to  over 
125,000  feet  with  precision  better 
than  1  %  of  the  measured  pressure. 


Fig.  2 


Designers:  If  you  are  considering 
thermistors,  write  for  more  informa¬ 
tion  about  their  tremendous  possibil¬ 
ities  to  Feswal  Electronics,  Inc., 
21  Mellen  St.,  Framingham,  Mass. 


in  Benton  Harbor,  Mich.  'Ihc 
inamifacturing  operation,  formerly 
occup\ing  seven  buildings,  is  now 
carried  on  in  a  new  140,000-sq  ft 
building. 


Keinington  Rand  Uiiivac,  Division 
of  Sperrv  Rand  Corp.,  relocates  its 
purchasing  division  to  Plant  One 
in  Univac  Park,  St.  Paul.  Minn. 
At  this  time,  its  facilities  in  Plant 
Fight  on  North  Prior  .Avc.  are 
closed. 


News  of  Reps 


William  ).  Ilerix'rt  is  appointed 
In  the  T.  Ixiiiis  Snitzer  Co.,  elec¬ 
tronics  manufacturers’  reps  of  Los 
.\ngeles,  Calif.,  to  head  the  com- 
panv’s  new  San  Diego  area  office 
in  L;i  Jolla,  Calif.  He  was  for- 
merlv  an  electronic  engineer  with 
the  U.  S.  Navv  F’.lectronics  Dib  in 
San  Diego. 


Electro  T  ec  Corp.,  South  Hacken- 
s;ick.  N.  J..  slip  ring  assemblv  and 
precision  component  manufac¬ 
turer.  names  Service  Equipment 
Electronics  Co.  as  representative 
for  its  Ohio  and  Michigan  terri- 
torv. 


T  he  Carl  G.  CTiafin  Co.  is  ap- 
|jomted  In  W'VCO  Metal  Prod¬ 
ucts  of  North  HollvwiKxl.  Calif., 
to  represent  them  in  San  Diego 
and  Imperial  counties.  Rep  firm 
will  sell  WYCO’s  hue  of  racks, 
panels,  cabinets  and  chassis  for  the 
electronic  iiulustrv. 


Design  —  Engineering  —  Production 
of  Precision  Thermistors 
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Manuk.vcti'Rf.r’s  reps,  Mosher  & 
Pevser  of  Needham.  .Mass.,  now 
handles  sales  of  fabricated  plastic 
and  metal  parts  in  the  six  New  1 
England  states  for  Universal  Un¬ 
limited  of  Glen  Cove,  L.  1.,  N.  Y.  j 


N'incs  and  Company  will  sell  the 
hue  of  amplifiers  for  Instruments 
lor  Industry,  luc..  Mineola.  N.Y.. 
Ill  the  states  of  Utah,  W'voming 
and  Colorado. 


Sales  of  General  T  ransistor  Corp. 
products  will  lx*  handled  bv  Holl¬ 
ingsworth  and  Still  in  the  .south¬ 
east  U.  S..  including  .Mabama. 
tJeorgia.  Morida.  T  ennessee,  North 
and  South  Carolina. 


Onc-sourcc  engineering  of  complete 
package  •  Volume -production  prices  • 
Wide  range  of  frame  sizes  with  immediate 
delivery  on  size  8s  •  18  standard  size  8 
gear  ratios  from  10:1  to  5250:1 — lower, 
higher,  and  intermediate  ratios  available 
on  special  order  •  High  operating  torque 
capacities  •  Compact,  lightweight  pack¬ 
age  •  Corrosion-resistant  gears  •  Ball 
bearings — .\BEC  5,  or  better  •  AGM.\ 
precision  2  gears,  or  better. 


Another  reason 


*Yeu  Con*t  Mot  Th« 
Nndix  $up«rmork«t. 


For  complete  details  on  new  Bendix  Gear 
Head  Motors  and  Motor  Generators,  and 
other  precision  components,  write— 


Eclipse-Pioneer  > 

Division 

T»t*rboro,  N.  J. 

District  Offices:  Biirbonk  and  Son  Froncisco,  Colif.; 
Soottla,  Wosh.;  Doyton,  Ohio;  ond  Woihington, 
0.  C.  Export  Solos  &  Sorvico:  Bondix  Intornotionol 
Division,  205  E.  42nd  St..  Now  York  17,  N.  Y. 
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Victor een  Company  has  ordered  over  100,000 
New  Phaostron  PRESTIGE  Panel  Meters  to  he  used 
in  their  equipment  in  1958. 


NEW  PHAOSTRON 

PRESTIGE 

PANEL  METERS 


MODERN  DESIGN 
NEW  RINGCOR  MOVEMENT 
SHALLOW  MOUNT 
HIGH  VISIBILITY 

PROVEN  PRODUCTS  CONSTRUCTION 


Rvaiiafelt  IR: 

2^”  Round  *  VA"  Round  •  Roctmiulor 
3Vi*  Rectangulw  •  dVi"  Roctangular 


The  new  Phaostren  Prestife  Panel  Meters  provide  shield¬ 
ing  from  magnetic  fields.  Simplified  Ringcor  Movement 
and  structural  improvement  insures  consistent  accuracy, 
long  life.  Precision  cast  elements  for  increased  mechan¬ 
ical  stability.  Prestige  meters  have  shock  mounted  jewels, 
ground  and  polished  pivots.  Meters  can  be  mounted  on 
magnetic  or  non  magnetic  panels  without  recalibration. 
Colors  are  available  in  your  choice  of  combinations  for 
scale  and  case. 


FEATURES: 

Colors:  Metallic  or  pastel.  Permanent 
Accurxy:  Within  2%  D.C.  or  3% 
rectified  A.C.  Insulated  Zero  Adjustment, 
large  Clear  Scales:  For  easy  reading. 
Longer  Scales:  For  close  tolerance 
reading.  Jewels:  Shock  mounted. 

Pivots;  Ground  and  polished.  Movement: 
Ringcor  self-shielded. 


PHAOSTRON  Instrument  &  Electronic  Co. 

151  Pasadena  Avenue,  South  Pasadena,  California 


In  recent  years  network  syntltcsis 
has  Ikcoiiic  an  essential  part 
of  electrical  comnuinications; 
strangely,  howeter,  in  the  last 
decade  not  a  single  text  has  ap¬ 
peared  on  the  siih)cct.  As  a  result, 
a  great  need  has  existed  for  some 
tunc,  both  in  industry  and  in  the 
giadiiatc  schools,  for  sneh  a  text. 
Storcr's  book  is  the  hrst  to  fulfill 
this  need,  others  arc  in  prcp.iration. 

ITie  author  assumes  faiiiiliaritv 
with  network  analysis,  he  discusses 
the  reali/abilitv  conditions  giving 
simple  proofs.  Me  covers  the  basic 
synthesis  techniques  foi  driving 
point  and  transfer  functions,  and 
treats  briefly  the  approximation 
problem. 

Driving  Point  Iinpcdancc— llic 
book  is  divided  into  four  parts.  In 
the  first  jjart  the  properties  of  the 
driving  point  impedance  arc  stated 
and  proved  from  energy  considera¬ 
tions.  ITiese  proofs  establish  the 
desired  results  in  a  simple  way; 
huwiever,  since  they  do  not  show 
the  lelatiouship  between  the  im¬ 
pedance  function  and  the  network 
matrix,  tliey  lead  only  to  limited 
lesults.  .\letlioils  for  testing  the 
realizability  conditions  arc  covered 
briefly. 

Driving  point  synthesis  of  two 
clement  networks  leading  to  the 
I'osfcr  and  Caiier  forms  is  given 
and  their  relationship  to  lliirwitz 
polvnomials  is  established.  Hie 
Briinc  and  Rott  Duffin  mcthfKl  of 
sviithesis  is  discus.scd  with  a  brief 
mention  of  the  Miyata  approach. 

Realizability  conditions  of  a  two- 
pair-tcrmmal  matrix  arc  developed 
and  the  Caucr  nictli(Kl  of  synthesis 
of  a  reactive  matrix  is  presented, 
followed  by  the  Darlington  inetluKl. 

riic  second  part  of  the  book 
covers  the  image  parameter  mcthfHl, 
frequency  transformations,  lattice 
analysis  and  properties,  constant 
resistance  synthesis,  and  maximally 
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WIDE  SPECTRUM 

CRYSTAL  CONTROLLED 

FREQ.  CALIBRATOR 

50  mcs  to  1 1 ,000  mcs 


RADAR  SYSTEMS 


SIGNAL  GENERATORS 


RF  PRE-SELECTORS  , 
AND  FILTERS  ^ 


FORMS  THI  RASIS  OF  A 
■  MICROWAVi,  CRYSTAL  CON¬ 
TROLLED  LOCAL  OSCILLATOR 


WIOI  HtOUiNCT  RANOI 

•Atiro  ipoctryoi  frOM  SO  RK  to  11.000  AH  llto 

vM  •<  to**«RS  cofrtroto 

IASI  Of  OflRATION 

A  flHfc  «l  tH*  >wi«cN  l*H  M  A  AwHcA 

a  ol  SO  AH  Of  >00  AH  RpROA^ 

ol  *>*•  ATOffcOf  t»yso>l  Of*  od|yPo4  by  Of*  Owto«f*  to*0>  tOf*tf«l- 
ACCUSATI 

(^)  OOOSH  ot  oAy  froRwRfHy.  tFf*oHoctod  by  toAsporotvfO  o« 

•ARM*  pOwOf  »Of'»0»»OA>. 

COMPACT;  RUOOIO:  ilONT  WIIOHT 

Swif  to  tbo  tof*«o  ipoci>Hot»o«n  o*  to  M»litofy  oqw««ototo  ol 

T»«t  Sot  AN  USM-4S 


cEc 


CONTROL  ELECTRONICS 
SALES  CORP. 


1925  N«w  York  AvtnuR 
Huntln9ton  Stotion.  N«w  York 
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flat  delay  lines.  The  purpose  of 
this  part  is  not  clear;  the  image- 
parameter  method  is  treated  in 
many  nndergradnate  texts  and  the 
topics  on  frequencs'  transformation 
and  delay  lines  are  part  of  the  ..p- 
proximation  problem. 

Synthesis  Techniques— I  lie  third 
part  gives  a  gcMnl  coverage  of  the 
important  synthesis  techniques  for 
transfer  functions;  however,  their 
propertie>  arc  treated  lightly.  Hie 
reaii/.abi)ity  condition^  are  fiist  es- 
tablished.  follov  cd  bv  the  IXirling- 
ton  and  Weinheig  method'i.  llic 
ladder  fo'iii-.  of  I  t  and  r-c  networks 
arc  developed  and  the  C'.iiillcmin 
metluKl  for  general  t-c  networks  is 
prc'cntcd.  \  brief  diwus'ion  of 
synthesis  n  iiig  acti'c  networks  is 
also  inchidcd. 

Approximations- In  the  last  part 
the  approximation  of  a  given  re¬ 
sponse  by  rcali/.ibic  functions  is 
considered;  the  approximation 
problem  in  the  frcqiieney  domain 
is  intrrxlueed  and  it>  solution  by 
expansion  into  orthogonal  polv- 
nomials  is  attempted.  I  hc  poten¬ 
tial  analogy  method  is  presented 
and  applied  to  the  filter  problem 
with  the  Butterworth  and  Ichebv- 
cheff  responses  as  applications.  T  he 
final  chapter  gives  a  sliort  discus¬ 
sion  of  time  domain  approxima¬ 
tions. 

Ilic  last  part  is  not  as  clearlv  and 
siinplv  presented  as  the  other 
three;  with  the  phase  .md  time  do¬ 
main  synthesis  neglected,  the  ma¬ 
terial  is  not  well  balanced  and  the 
selection  of  the  various  methods 
is  rather  arbitrary.  However,  this 
is  due  mainly  to  the  state  of  de¬ 
velopment  of  this  rclativclv  new 
field. 

I  he  book  is  well  written  and  tan 
1k‘  easily  read  without  mncli  prepa¬ 
ration;  its  simple  and  complete 
coverage  of  tlic  important  rcaliAi- 
tion  teclmiqnes  illustrated  with 
many  examples  and  developed  with 
the  minimum  of  supporting  ma¬ 
teria!  will  make  it  a  valuable  ref¬ 
erence  to  the  practicing  engineer. 
I’or  the  graduate  student  it  will 
serve  as  an  introduction  to  the 
basic  concepts  of  network  syii- 

tllCSlS.  -  .‘VlU.VN.VSIOS  P.VPOUI.IS. 

Polvtechnic  Institute  of  Brooklvn. 

\.  Y. 


AMERICA'S 
*  ARMAMENT 
V  MAGAZINE 


()!!! 


set; 


keep  up  with  i 

WEAPONS  PROGRESS  ! 

l>earn  about  the  design,  pro- 
(luelion.  and  u$e  of  to<la>'»  com¬ 
plex  weapons  in  Okdn  asce  maga¬ 
zine  and  other  .•\nuTi<an  Ord¬ 
nance  .Association  publications. 
ORDXANCt,  published  for  .■\.0..\. 
inembers.  reports  on  the  work 
of  science,  industry,  and  our 
armed  forces  in  developing  new  s 
armament  and  building  national  I 
preparedness.  I 

.■\.O.A.  services  keep  you  up  | 
to  date  on  new  wea|>ons  and  . 
provide  the  practical  knowledge 
to  help  you  in  any  phase  of 
ordnance  work.  Your  member 
ship  also  builds  wea[*ons  know¬ 
how  for  our  country.  ■ 


AS  A  MEMBER  YOU  GET: 

•  ORDNANCE  maqaiine  Ibi- 
meiiflilyl.  Aiithorifative  articles  cov- 
erieq  weapons  desiqn  and  manufac¬ 
ture,  plus  related  topics  on  America's 
ormament  preparedness. 

•  THE  COMMON  DEFENSE  — 
menttily  newsletter  on  the  armament 
preqress  of  our  Army,  Navy,  and 
Air  Force. 

•  INDUSTRIAL  PREPAREDNESS— 
a  bi-monthly  report  on  the  activities 
of  A.O.A.  National  Technical  Divi¬ 
sions  (available  on  requestl. 

•  Membership  in  o  local  Chapter. 
P  Other  benefits— attendance  of 
notional  meetinqs,  embossed  mem¬ 
bership  cord,  plant  visits,  weapons 
tests  and  demonstrations. 

•  Members  also  have  the  satisfac¬ 
tion  of  octively  supportinq  a  vital 
port  of  our  national  security— scien¬ 
tific  and  industrial  preparedness. 

JOIN  THE  A.O.A. 

SRly  M  a  ytar  ir  $11  tw  three  years 


AMEtlCAN  OeONANCE  ASSOCIATION 
DRpt.  M-1,  Mills  Bld^.,  Washington  6,  D.  C. 
SoY-relsfy  : 

Enroll  me  as  an  A.O..^.  member.  I  encloae 
dues  <SI  for  1  sear,  or  $10  for  3  veart)  and 
certify  that  /  am  a  dtUen  of  the  U.S,A, 


City,  Zone,  State 


Frincipol  Frodwet  . 
Your  Fosifion 
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CIRCLE  126  READERS  SERVICE  CARD 


CIRCLE  127  READERS  SERVICE  CARD 


COMMENT 

On  Sidebands  .  .  . 

'I  hc  article  “Selection  of  Modu¬ 
lation  for  Speech  Coninuinica- 
tions”  bv  George  ).  Kellev  (Mar. 
2S,  p  ‘56)  cmered  the  various  as¬ 
pects  of  f-m,  a-ni.  siippresscd-car- 
rier  SSB  and  suppressed  DSB  quite 
thoroughlv.  Ilowerer.  no  mention 
was  made  of  an  SSB  svstem  which 
transmits  a  small  pilot  carrier  for 
the  purpose  of  phase-lwlcing  the 
receiver  oscillator.  This  system, 
known  as  svnehronous  single-side¬ 
band,  has  manv  applications  in 
communications  svstems.  Its  main 
adrantage  lies  in  the  fact  that,  be¬ 
cause  of  the  transmission  of  the 
pilot  carrier,  the  frequenev  stabilitv 
required  of  the  ssstem  can  Ik  re¬ 
duced  considerably. 

Because  the  receiver  oscillator  is 
phase-locked  to  the  transmitted 
pilot  carrier,  the  frcqucnc)  of  the 
receiver  oscillator  is  made  identical 
to  the  frequenev’  of  the  pilot  Girrier, 
with  the  result  that  the  sidebands 
arc  detected  with  no  frequenev 
error.  It  is  our  experience  that  this 
svstem  rates  very  highlv  on  the 
many  characteristics  that  are 
evaluated  bv  Mr.  Kellev. 

The  synchronous  single-sitlelrand 
svstem  has  its  main  application  in 
the  vhf  region  where  the  applica¬ 
tion  of  suppressed-carrier  SSB 
would  rcxpiirc  a  frequenev  stabilitv 
which  is  iKyond  the  present  state 
of  the  art. 

It  is  not  clear  why  the  author 
assigns  equal  bandwidth  to  everv 
system  covered  in  the  paper.  It 
would  seem  feasible  to  make  the 
bandwidth  of  the  SSB  svstem  one 
half  the  bandwidth  of  the  other 
three.  Since  spectrum  conservation 
is  extrcmelv  important,  this  could 
Ik  a  most  important  factor  in  the 
decision  as  to  which  svstem  should 
Ik  emploved  for  a  given  communi¬ 
cation  problem.  Instead  of  being 
assigned  a  weighting  factor  of  zero 
as  indicated  in  I'ig.  T  of  the  paper, 
it  could  probablv  C“arrv  the  greatest 
weight  of  anv  of  the  various  factors 
listed. 

\\  ith  regards  to  the  performance 
of  the  various  systems  for  various 
degrees  of  speech  clipping,  it 
seems  impractical  to  consider  clip¬ 
ping  below  the  1 1  db  clipping  level 
as  indicated  in  Table  II  of  the 


paper.  I  hc  amount  of  distortion  in- 
tnuluced  bv  clipping  below  this 
level  increases  rapidly  with  the  re¬ 
sult  that  the  reproduced  speech 
signal  has  a  very  definite  disagree¬ 
able  quality. 

Roy  a.  Ricii-srpson 

MoroRoi..\  Inc.  ■» 

Chicago,  Ii.l. 

.  .  ,  and  Standing  M'avcs 

.\n  error  has  been  noted  in 
“Standing  M'avc  Ratio  Conversion 
Chart”  by  John  Lory  (Jan.  ?1,  p 
56).  Kquation  5  derived  by  the 
author  docs  not  apply  to  power 
standing-wave  ratios  as  he  asserts, 
but  rather  tf)  voltage  standing-wave 
ratios. 

The  expression  for  the  measured 
value  of  the  power  standing-wave 
ratio  is 

,  P\  -f  P'» 

“  P'i  -  P'« 

where  P',  and  P'*  are  the  magni¬ 
tudes  of  the  incident  and  reflected 
powers  at  the  measuring  site.  The 
incident  and  reflected  powers  at 
the  load  arc  P,  and  P«.  Mr.  Lory 
erred  when  he  used  Pi  rather  than 
P'l  in  his  equation  5,  correspond¬ 
ing  to  the  equation  above. 

.•\ccounting  for  an  insertion 
loss  K, 

P'.-  and  P',-(1-A)P«. 

The  standing-wave  ratio  character¬ 
izing  the  load  is 

Pi  P* 

Pi  -  Pm 

and  the  correct  relationship  be¬ 
tween  the  measured  and  actual 
values  of  power  standiug-wavc 
ratios  becomes 

,  2p  -  (p  -  1)(A')(2  -  K) 

“  2  -h  (p  -  1)(A)(2  -  K) 

W'lI.MAM  II.  Nf.SIF.R 

Cknkrai.  Ki.i-.ciric  , 

Syracitse,  N.  Y. 

...  I  have  checked  the  deriva¬ 
tion  of  my  equations,  and  as  Mr. 

Ncster  points  out.  an  error  was  t 

made. 

.Mthough  the  equatiuns  as  they 
appear  in  the  article  arc  erroneous, 
the  chart  is  correct  if  the  axes  arc 
relabeled  measured  vom.age  SW’R 
and  Acin.Ai.  voi.iace  SW'R. 

John  Lory 

Si'ERRY  Gyroscope 
Greai  Neck,  L.  I.,  N.  Y. 
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DOPPLER  NAVIGATION  SPECIALISTS 


Work  on  advanced  doppler  radar  navigation 
and  guidance  projects  at  Raytheon. 


Some  of  the  most  interesting  and  vital  pro¬ 
jects  of  the  day  are  now  in  the  works  at 
Raytheon’s  Maynard  Laboratory. 

Challenging  assignments  are  given  to  engi¬ 
neers  with  specialized  radar  experience  in 
doppler  navigation  and  guidance  systems... 
and  to  others  with  backgrounds  in  radar 
interested  in  working  with  these  new  systems. 


Are  you  a  circuit  design  engineer, 
microwave  design  engineer,  product 
design  engineer,  or  systems  engineer 
with  radar  experience? 

PLEASE  CALL  COLLECT.  Ask  for  John  J. 
Oliver  atTWin  Oaks  7-2945,  Ext.  246.or  write 
him  for  details.  He’ll  be  glad  to  arrange 
an  appointment  at  your  convenience. 


RAYTHEON  MANUFACTURING  COMPANY  , 

Maynapd  Laboratory 

Ft  O.  Bok  07B,  Maynardt  Maaaaohusotta 


^YTHEoff 


SitctUtnee 
in  Elnetronict 
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’‘Inertial  guidance,”  explains  John  Prikazsky,  “means 
aerial  navigation  without  recourse  to  external  reference. 


As  an  inertial  guidance  engineer  with  IBM,  I  have  the 
opportunity  to  work  on  completely  integrated  bombing- 
radar-navigational  systems.  My  work  is  broad  —  from 
lab  studies  to  the  analytics  involved  in  system  design— 
everything  from  shooting  the  North  Star  to  heat  transfer 
problems.  That’s  why  I  like  it  —  plus  the  chance  I  have 
to  take  on  as  much  responsibility  as  I  can  handle.” 


Other  challenging  assignments  at  IBM  Owego 


•  Airborne  analog  and  •  Test  equipment  development 
digital  computer  systems  •  Radar  circuits  and  systems 
a  Units  and  systems  •  Transistor  circuit  design 


Qualifications 

B.S.  or  M.S.  degree  in  electrical  or  mechanical  engineer¬ 
ing,  physics,  or  mathematics,  and 

Proven  ability  to  assume  a  high  degree  of  technical 
responsibility  in  your  sphere  of  interest. 

FOR  DETAILS,  just  write,  outlining  background  and 
interests,  to: 

Mr.  R.  E.  Rodgers,  Dept.  S54  Q 
Mgr.  of  Technical  Recruitment 
International  Business  Machines  Corp. 
590  Madison  Ave.,  New  York  22,  N.  Y. 


What  it’s  like 


to  be  a  Creative  Engineer  at 


IBM 


IBM,  a  recognized  leader  in  the  electronic  computer 
field,  offers  a  stable  balance  of  military  and  commercial 
work.  You  will  find  ground-floor  opportunities  for  profes¬ 
sional  achievement  at  IBM  Owego.  Liberal  company 
benefits  set  standards  for  industry  today,  and  salaries 
are  commensurate  with  your  abilities  and  experience. 


INERTIAL  GUIDANCE  ENGINEER  John  V.  Prikazsky 
tells  why  airborne  computer  development  at  IBM  Owego, 
N.  Y.,  offers  him  the  creative  engineering  career  he 
always  wanted. 


I  \  - 

- 1  f 


Plants  and  laboratories:  Endicott.  Kingston,  Owego,  Poughkeepsie, 
Yorktown,  N.  Y.;  Lexington,  Ky.;  Rochester.  Minn.;  San  Jose.  Calif. 
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GENERAL^l^  ELECTRIC 


Court  Street,  Syracuse,  N.  Y. 
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EMPLOYMENT  OPPORTUNITIES 


Men  who  can  work  to  these  stringent 
operational  requirements  will  be  well 
equipped  to  handle  still  more  demanding 
‘‘command”  problems.  As  the  Manager  of 
General  Electric’s  Missile  Guidance  Section 
said  recently:  “With  this  job  behind  us, 
there  will  remain  no  significant  obstacle 
to  the  practical  gruidance  and  navigation 
of  other  space  vehicles.” 


Current  opportunities  at  the  Section  are 
at  all  levels . . .  and  exist  in  practically 
every  phase  of  the  program. 


If  your  field  of  special  competence 
appears  in  the  list  below  there  may  be 
a  position  open  to  you,  with  high 
professional  implications  for  the  future. 


System*  analy*)*,  avaluation  4  intagratlon  * 
System*  and  component  reliability  •  Transistorized 
circuits,  puls*  circuitry,  IF-Video  circuits  •  RF  and 
Microwave  comporrents  4  plumbing  •  Communi¬ 
cation*  control  devices  •  Doppler  radar  design  4 
development  •  Digital  data  processing  techniques, 
data  transmission  involving  D  4  D  of  ground-based 
4  airborne  arrtennae,  transmitters,  receivers;  appli¬ 
cation  of  transducers,  transponders,  etc.  •  Test 
operations,  irrcluding  planning,  rang*  instrumentation 
4  test  execution;  development  4  application  el 
automatic  test  equipment. 


Positions  are  at  SyrKuse  and  Utica,  N.  V.  facilities. 


Please  address  your  resume  to 
Mr.  E.  A.  Smith,  Dept.  5-E 


If  your  qualification*  approximate  job  "specs,” 
he  will  arrange  a  convenient  interview. 


MiSSII.K  OUIDANCK  SBCTION 


ENOINEER8,  E  E 

A.  program,  that  is 
attracting  some  of 
the  best  minds  in 
electronics  now 
calls  Jbr  additional 
creative  engineers 

GUIDANCE 
SYSTEM  FOR 
AIR  FORCE 
ICBM  ATLAS 

UNDBit  OBVBLOPMaNT 
AT  OBNKRAI.  ■l.■CrlllC 

There  is  an  unprecedented  challenge  for 
electronic  engineers  in  developing  the 
command  radio-radar  system  for  Atlas. 

Portions  of  this  system  must  achieve 
aeeuraeiea  on  order  of  1  part  in  10  million 
...and  maintain  them  without  degradation 
under  the  extreme  conditions  of  shock, 
vibration  and  temperature  encountered 
during  an  ICBM’s  blast  off  and  acceleration 
along  the  initial  portion  of  its  trajectory. 


y 


I 

PHYSICAL  CHEMISTS 


SOLID  STATE  PHYSICISTS 


ELECTRONIC  EN6INEERS 


‘beat  the  heat’  at  200°C 

ELECTRONIC  ENGINEERS  at  T1  are  lieating  the  semiconductor  heat 
barrier  with  devices  that  will  operate  at  200  degrees  centigrade  and 
higher  —  twice  the  boiling  point  of  water!  Working  closely  with 
other  scientists  on  the  TI  team,  they  continually  explore  new  fields 
in  electronics.  Under  the  hot  glare  of  infrared  light  which  simulates 
extreme  operating  conditions,  the  engineer  shown  alxive  is  testing 
the  newest  TI  silicon  power  transistor  operating  in  conjunction 
with  the  totally  new  Sensistor  temperature-sensing  silicon  resistor. 

On  this  frontier,  there  is  plenty  of  room  for  elecironic  engineers, 
physical  chemists,  solid  state  physicists,  and  others  to  build  Amer¬ 
ica  s  electronic  future.  If  you  are  interested  in  joining  other  leading 
engineers  and  scientists  at  the  industry’s  most  modern  research, 
development  and  production  facilities  —  write  or  call  for  more 
information  on  28-year-old  Texas  Instruments,  recognized  leader  of 
the  semiconductor  industry.  You  will  discover  up-to-date  supple¬ 
mental  lienefits  —  profit  sharing,  insurance,  retirement  programs, 
and  company-sponsored  educational  assistance.  i 

Semiconductors  and  Other  Components  —  Transistors,  diiKles,  rectifiers, 
capacitors,  resistors,  transistor  circuit  applications,  test  equipment, 
mechanization.  Write  Harry  Laur.  | 

Electronic  and  Electromechanical  Apparatus  —  Radar,  sonar,  infrared,  optics,  /  * 
navigation,  magnetics,  telemetering,  c-ommunications,  computers, 
transformers.  Write  R.  E.  Houston. 

Research  and  Manufacturing  —  PhD  level  for  research,  development  and 
applications:  solid  state  device  technology,  ferromagnetics,  infra¬ 
red,  microwave,  magnetics,  digital  c'omputers,  radar,  sonar,  tele¬ 
metering,  etc.  Engineers  for  production,  planning,  purchasing,  cost 
analysis,  etc.  VV'rite  A.  E.  Prescott. 


Texas  Instruments 

INCORPORATED 

«)  6000  LEMMON  AVENUE  •  DALLAS  9.  TEXAS 


I  — 72SA 
I  •a.->807 
I  M  --vRins 
4  ta.—VRiSO 


iO  t« 

»  oa  — €VGGT 
M  ta  — 4AK) 

1  M  — l»ftL7GT 

2  aa  ~7?4A 


liartlens.  Calif 
\ti«  4  IM'.M 


SEARCHLIGHT  SECTION 

4 
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EMPLOYMENT  OPPORTUNITIES 


—  PROFESSIONAL  SERVICES  — 


ENGINEERS  (EE).  PHYSICISTS, 
MATHEMATICIANS 


Is  this  your 
idea  of 

wish  fulfillment” 


New,  air-conditioned.  modernly  equipped 
R  &  0  Laboratory  at  Amherst  in  suburban 
Buffalo,  New  York.  Opened  March,  1958. 


Doing  Applied  Research  in  Communications  in 
a  Hew  Lab  with  a  Company  Growing  Steadily  on  a  Basis 
of  Its  Creative  Contributions  to  Science  and  Engineering 


The  work  of  the  Communications  Research  Staff  is  con¬ 
centrated  on  the  application  of  tomorrow’s  radically  new 
theoretical  concepts  to  communications  theory  and  systems 
development. 

Some  of  our  equipment,  already  developed,  for  air-to- 
air  communications  is  so  tradition-breaking  in  technique 
that  even  our  customers  could  not  believe  in  its  final 
capabilities. 

Now  our  new  expanded  lab  facilities  permit  operations 
to  grow  in  a  major  way.  If  work  in  advanced  communica¬ 
tions  research,  under  ideal  conditions,  is  your  career-aim, 
and  you  have  an  .\dvanced  Degree  in  EE,  Physics  or  Mathe¬ 
matics  or  the  tQllVALENT  IN  GR.\DfATE  COURSE  WORK, 
investigate  these  jx)sitions  in  Applied  Research: 

Naval  Circuitry — This  is  a  high  level  position  requiring  the 
ability  to  invent  pr.icticnl  circuits  to  bring  to  fruition  new, 
basic  conct  pts  in  the  fi»  ld  of  communications.  .Ability  eventu¬ 
ally  to  form  a  10-20  man  circuits  team  desired.  Candidate 
nerds  familiarity  with  transistor  applications,  digital  com¬ 
puter  design,  and  a  variety  of  novel  video-radio  frequency 
circuits,  modulation  in  unconventional  dimensions. 

Noval  Communications  Systems  —  V’ision  and  creative 
ability  of  a  high  order  arc  needed  for  this  important  assign¬ 
ment.  Candidate  must  be  able  to  derive  and  direct  appli¬ 
cations  of  new  techniques  developn-d  in  the  .Amherst  Lalxira- 
tory  to  existing  and  new  communications  systems.  Man  we 
seek  should  have  a  sound  undrrstnndingof  the  field  of  military 
communications  systems  and  a  broad  technical  background. 

•  Also  a  few  research  positions  open  in  the  field  of  Probability  &  Infor¬ 
mation  Theory  and  Eloctromacnotic  Propacation.  Work  involves 
both  experimental  and  theoretical  research.  Ph.D.  required. 

Please  write  E.  F.  Culverhouse 
AMHERST  LABORATORY 

ELECTRONIC  SYSTEMS  DIVISION 

^  SYLVAN  I A 

SVLVANIA  ELECTRIC  PRODUCTS  INC. 

1100  WEIIRLE  DRIVE,  BUFFALO  21,  NEW  YORK 


RDO  RECEIVER 

38  MC  to  1000  MC  prtcition  R«c«iv«r 
covonng  compUto  rang#  using  3  turning 
units.  TK#  RDO  is  a  high  quality  Novy 
search  r^coivor  using  tho  'aOm«  turning  units 
os  the  APR-4,  but  hos  cdditionol  foaturos, 
such  os  input  ond  output  tignol  strength  D6 
m«t«rs.  oudio  output  mettring,  noiso  limitor, 
grootor  stobility,  for  noiso  moosuring 
Input  n0V60CYC.  Ponodrptor  output  ovotl. 
Comploto  W  3  turning  units.  ^  ^ 

Brond  new«  original  boxes.  •  | 

Oovi  oeq  cost . $1500-00 

^  1  M  ICatiftr  liwall«ti(»n  iii  llfainl  Nt'i*  nrtxinxi 
Till-*  a  oMiiplHt  h*'lf  ftiiifa  ia<lar 

fpt'fttfr  an*l  traii'>ntitt|itx  uiiH  wirh  paialHtlir  an 
ffaiia  with  TH  nil*pw  fii'ltratmH  ami 

rtmirtil  !«>>«*«  Ti|lt>*  (Tmtplriiipnt  r«»iivt«i«  tif  ' 


ft«*1  aceub.  cest  avar  S4.000  00).  HNip  wt  4JI 
liss  W/epaiatinf  iattryctiens.  $iLO  50 

Your  snacial  aiica  . 


R.  W.  ELECTRONICS 

0«pl.  i. 

2430  S.  Michigan  Av«.  Chicago  16,  III. 


Potilion  Vacant 

Ti-chnical  corrrspenilent  wanted  by  very  Im- 

liortHnt  ra<li<>  eU-rtronirn  |ierioiliral  fnr  in- 
iiuirie?*  aln.ut  latent  .American  Newa.  Necea. 
aary  to  write  in  l-'rench.  To  write  to  S.A.K.P..  j 
Ml  rue  lie  la  I'Ompe.  I’aria  IlGemel,  I 


Selling  Oppeprtunity  Wanted 

•ritiah  manufacturer  with  mauldlng  and 

light  engineering  facilitiea  ami  Televiaion. 
Ratlin  4r  Eleetrical  technical  atalT.  wuultl  lie  I 
intereated  to  tliacuaa  (irotlucing  gnntl  aules  j 
linea  for  Kritiah  market  with  prngreaaive 
American  manufacturer.  K.\-7sh6.  Electron- 
ica.  Claaa  Ailv.  I>iv.;  I*,  t).  Ho*  12,  N.  Y.  .'IG. 
N.  Y. 


AMERICAN  GEOPHYSICAL  & 
INSTRUMENT  CO. 

Olh.T  W  IKIhiiIi. 

PfSiffM  (5*  Ih'ir/oftmrnt  Of  / 

Instrumi  nts 

Hrp^irinp  ,41/  af  Khrtranir  KuttipwtenI 


TELECHROME  MFC.  CORP. 

IJectroutc  Destgn  Specialists 

I  l>l>lll  TKI.KVIHHIN  KQI  II’MK.NT 
E'l>ifiK  spot  Ht'mntp'rn,  rnlor  SMidiPHizerK.  K«)4>tii. 
Mnniiort.  ORCinov*opfX  aiifl  K^laipfl  Apparstnx 
Tvlt'iiipfpitiix  for  UulflfHl 

J  R  Pupkin  4'lurti  an.  /'res.  4  Dir.  nf  Kng 
2R  lUnfuk  I>r.  Amltvtlllf.  U  I..  N  T 
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EMPLOYMENT  OPPORTUNITIES 


SEARCHLIGHT  SECTION 


HSCONNAISSANCE 

and 

DATA  PROCESSING 

programs  at 

The  Ramo -Wooldridge  Corporation 

have  created  the  following  new  openings: 

Display  Development.  EE,  ME,  or  psychology  background 
with  experience  in  creative  development  of  large-scale  infor* 
mation  displays. 

Optical  Design.  Significant  experience  in  high-acuity  optics. 
Console  Design.  Creative  experience  in  design  of  operating 
consoles  utilizing  electronic,  mechanical,  and  optical 
techniques. 

Wire  Communications.  Senior  design  experience  in  teletype, 
associated  switchgear,  message  centers.  Knowledge  of  inven* 
tory  and  terminal  equipment  desirable. 

Please  address  inquiries  to  Mr.  W.  J.  Coster  at 

The  Ramo-Wooldridge  Corporation 

P.O.  Box  45215,  Airport  Station  •  Los  Angeles  45,  California 


MANUFACTURER’S  REPRESENTATIVES 


Minimum  5  years  Industrial 
Sales  Experience  Only 


AIL  TERRITORIES  OPEN 


Complete  Line  Of 

INDUCTION  HEATING  UNITS 

For  All  Types  of  Industries 
Now  Ready  For  Marketing 
By  Well  Known  Manufacturer 


Write  or  Wire:  J 

(Please  state  territory  covered  and  lines  carried) 

P.O.  Box  No.  255 
Hawthorne,  N.  J. 


NOW!  AT  AMAZINGLY 
LOW  PRICES— 


H 

I^LASS 


CAPACITORS 


flat— ALL  GLASS- 
WIRE  LEADS 

MIL-G.11272.A  Types:  GY-IO-l.V 
20  iHHued  June  .“SS.  All  have  ^ 
10%  CAPACITY  TOLCRAISCK. 

Theite  ar«-  all  NEW,  UN  USED.  T«*»t«!«l 
and  approved.  Minimum  Order  20  (In- 
pacilors  (Any  rnmhinalt/Mi  of  values  de¬ 
sired  may  lie  ordered  ( . 

4'hooMe  voar  iim  n  valueN. 


GY. 

10 

19c  each. 

MMF 

MMF 

MMF  1 

MMF 

10 

33 

56 

120 

20 

36 

62 

130 

22 

39 

68 

150 

24 

43 

75 

160 

27 

47 

82 

30 

51 

100 

GY 

■  1.) 

2Tc  eaeh 

MMF 

MMF 

MMF 

MMF 

220 

330 

510 

820 

240 

360 

560 

910 

270 

430 

620 

1000 

300 

470 

750 

(:Y.2f) 

29c  eaeh 

MMF 

MMF 

MMF 

MMF 

1100 

1600 

2000 

2400 

1300 

1800 

2200 

2700 

precision 
llUiir  resistors 

-  1%  TOLER  LNCE— >4  Wall 
Planlie  Sleeve.  Mll.-R-I0.»09  A. 
Mil  Ty|>e:  R'N20\  inHiied  Sept.  .v2. 

The.e  are  all  NEW.  UNUSED.  Tested 
and  approved.  Mininiuni  order  20  of  a 
Value.  (  \ny  eomliination  of  values  de¬ 
sired  may  Ite  ordered ) . 

RN.20\  8r  eaeh 
OHMS  OHMS  OHMS  OHMS 


.36K 

9.1  K 

47K 

180K 

1.0K 

10K 

51K 

220K 

1.5K 

20K 

56K 

240K 

2.2K 

22K 

62K 

270K 

2.4K 

24K 

68K 

330K 

2.7K 

27K 

82K 

390K 

3.6K 

30K 

91 K 

470K 

4.3K 

33K 

110K 

560K 

5.1  K 

36K 

120K 

680K 

6.8K 

39K 

130K 

820K 

8.2K 

43K 

1  MEG. 

TERMS:  Drilers  for  less  than  $10.(KI.  ea!'!! 
prepaid.  For  order*  al»ovr  f  10.00.  we  nill 
al)*orl>  sliippiiifc  rharite*  in  return  for  pre¬ 
payment;  nr  >liippe<l  net  10  days  to  rated 
firms.  F.O.B.  our  Harehou*e.  IMME¬ 
DIATE  DF.I.IVERY  will  lie  made  from 
stork.  Write  for  tjuaniily  discounts! 

DEFLECTO  MFC.  CORP. 

128  Lafayette  St.,  New  York  13.  N.  Y. 
Tel;  CAnal  6-7.'j44.  TWX;  NY  1-326.3 
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SEARCHLIGHT  SECTION 


AN/APR.4 

38-4<MM  MC  tak  RM«iv«rt  utini  »luf  in  tvnlnf  vnltf. 
I  lOv  60eye. 

AN/ASQO 

Airkavrna  Chart  Raearkint  Mafnatamatar.  Santitlvity 
it  2  faiMina.  Inpat  2kv  O.C. 

ftC-1M>TXC-1 

Pa«a  Prlntinf  factimila  Tranieaivar  far  ata  an  aithar 
radia  ar  wira  eircaiU.  Will  accaat  aithar  7**  or  12** 
eaay.  Mff  tlmat  Fact. 

AN/ARC-37^RC^» 

200*400  MC  Trantcaivart.  1.700  channalt  aataikla  la 
above  ranfc.  Lata  aaaiamant  anb  military  ttanOarO. 
ARC*27  It  airbaarna.  6RC*32B  It  a  fraanO  Italian. 


SCR-300-ORC-34 

Thit  it  a  hifh  aawar  Mabtia  RaOia  Station.  Fraa. 
ranfa  it  2-lt  MC.  Wa  can  tapply  thata  tlatlant  with 
ar  withaat  talatyaa  inttallcd.  Utat  BC-610.  BC*3I2, 
BC-342  ate. 

AN/ORC-VB 

Tha  GRC'tariat  ara  tha  naw  Army  vahicalar  rabia  tatt 
Mtint  tha  RT*M*70  Trantcalvart  aavarina.  20*S4  MC 
Oaaanbinf  an  tranteaivar  atab.  12  ar  24v  inaat. 

AN/PRC-4 

47>SS  MC  F.M.  Tranteaivar.  Thit  It  tha  latatt  Army 
Hanbi'TaUia.  Battery  aaaratad.  Cryttal  cantrallad. 
Pravitian  far  attarnal  handiat. 

AN/TRC-1-BU 

70*100  MC  paint  to  paint  vaiea  ar  taiatraph  Frapaaney 
madalatad  radio  tatt.  Simalai.  Oaplai  ar  Mattlchan* 
nal  aaaratian  atlnp  CF  eariiar  tarminalt.  IIOv  M  eye. 

AN/TRC-B-11.13 

230*2S0  MC  paint  to  taint  radio  tatt.  F.M.  Simplai 
Daplai  ar  Maltichannal  aparatian  atlnp  CF  caMar 
apaipmant  it  provided.  Lata  aaulpmant  and  compact. 

AN/CRD-3 

S40KC*30MC  Graand  Oiractian  Finder.  Thit  tat  will 
provide  aatamafie  baarinp  praaantatian  an  any  tipnal 
in  Itt  ranpa.  Aacaracy  2**  SCR*20l  alto  avail. 


LARGEST  STOCK  OF 


lUlU 


IN  THE  WORLD 

SOLENOIDS  •STEPPERS 
SENSITROLS 

PRODUCTION  QUANTITIES 

MOST  MAKES  IN  STOCK 

Send  for  Latest  Catalog  E 


Universal 

fermerttUmva 

1  RELAY  CORP. 

r«ul  CoaermI  Catg 

Money  tavinp  prlrea  an  tabes.  TV.  Radio.  Trant* 
mittinp.  and  Indattrial  Typat.  Naw.  Itt  paality. 
puarantaad.  Tap  name  brands  only.  Gavarnmant 
turplat  and  eammarcial  test,  lab.  and  eammanica* 
tiant  apuipmant  In  «taeh.  Sail  at  year  aveett  tabes 
and  apaipmant.  Unatad.  clean  tubas  af  all  types 
wanted  Sand  tpacific  details  In  first  latter.  Write 
far  '*Graan  Shaat"  eatalap  3Sd. 

BARRY  ELECTRONICS  CORP. 

SI2  Broadway  WA  5*7000  Naw  York  12.  N.  Y. 


TECHNICAL  SYSTEMS  CORP. 

1201  43rd  Av.,  L.  I.  C.  1,  N.  Y. 
RA  9  0652-3 


AN/APN-3.<PN-2 

Shwan  PrMi.iwi  Ma.ii.ti.n  Sytttm.  APN-3  VM. 
data  train  2  CPN-2  «rMad  kaacan.  to  frmiidt  a  na.i- 
.atl.n  accaracy  .f  V  w  —  M  ft.  va  ta  2M  mila*. 
WIdtIy  u.ad  Iw^  inrvaylnt.  ail  araaMctina  A  mappiat. 

AN/ARC.33-34 

2SS.408  MC  AIrkMrna  TranMaiyan  arpyidinp  1,750  PM- 
•IPIa  ciiannM.  ip  apova  ranp.  Thi.  ia  a  lat.  adPipm.nt 
in  carrwit  Mrvica.  Thi.  radia  Mt  ii  Mmpaet  and  lifht- 
mitht. 

AN/ARN-U 

Thi.  i.  tha  Air  Fare.  Omni  R.np.  Airfewm.  c.«rM  I.- 
dicalin.  Mniamcnt.  Opv.tn  in  trap.  r.np.  pf  108-135 
MC  2M  chann.l..  Mil.  .waian  M  CMlin.  C.nunMxtal 
(pnipiKMit.  Inpnl  24  V  D.C. 

AN/APS-IO 

X-B.nd  Airhaurn.  N..ifalian  and  Saarch  Radar.  Tha 
APS-IO  ha.  a  March  ranpa  at  vp  ta  50  mila.  ia  4 
ranpa..  Thi.  MaiPment  .tiliaei  a  5"  T.T.I.  Wnipht 
la  appraa.  I28  Ihi.  .n.blin.  it  t.  ha  UMd  In  a  llpht 
plana.  Inpat  IIOv  400.yc. 


I750KC.  fhl.  Ml  will  oravid.  autamatic  haarinp  indica- 
tian  an  any  ttatinn  in  It.  ranpa.  Thit  Ml  la  it.nd.rd  In 
tha  Armad  iMvIca..  Inpvt  la  20v  O.C. 


ANTINNA  PEDESTALS 

Wa  hp.a  Antanna  Ratatina  PadMtal.  with  a  capac¬ 
ity  at  ap  tp  2000  Ihi.  Slip  rinp.  4  data  A  tika-aR 
tyttam  It  incladad.  Haavy  canitructian  A  watar 
araaOnp  makt  thaai  idaal  tar  aaperimantal  iatarlar 
iy«tama. 

WRITE  FOR  OUR  CATALOG 


TEST  EQUIPMENT 
AN/ARM. I  ARC-3  Taat  Sat 
AN/URM.2S  I0KC-50MC  Sitnal  Ganaratar 
AN/URM.49  400-1000  MC  Sipnal  Ganaratar 
AN/URM-tl  1,800-4000  MC  Sipnal  Ganaratar 
AN/URM. 19-23  Pawar  Bridpat 
AN/URM.43  Pawar  Metar 
AN/URM-t4  900.2IOOMC  Sipnal  Ganaratar 
AN/UPM-II  X-Band  Ranpa  Calihratpr 
AN/UPM.I2  X-Bnnd  V.S.W  R.  Taat  Sat 
AN/UPM-15  PalM  Ganaratar 
AN.'UPM.I7  IP.II.OOO  Spaetnim  Analyzar 
AN/UPM.33  X-Band  Saaetrvm  Analyzar 
AN/FSM-TSM  Cryttal  TMt  Salt 
SG-I  Omni  Taat  Sat 
SG-8  NaiM  Ganaratar 
SG-IO  PalM  Ganaratar 
T8.02  X-Bar.d  Echa  Baa 
TS-89  Vottapa  Oividar 
TS-102  Radar  Ranpa  Callferptar 
T8-II8  R.F.  Wattmatar 
T8-I25  S-Btnd  Wattmatar 
TS-147  X-Band  Sipnal  Ganaratar 
T8.I48  X-Band  Spaetrum  Analyzar 
T8-I55  8-Band  Sipnal  Ganaratar 
T8.I8S  lOe-IO-OOOMC  Praci.ian  Hetradyna 
Fra«.  Matar  .0029  aacaracy 
TS-239  Pra^iian  Paltaactae 
T8.25I  Laran  Ranpa  Calikrator 
T8-270  8-Band  Echa  Baa 
TS.432  I50KC-20MC  NalM  Fiald  Matar 
TS-488  X-Band  Echa  Baa 
T8-587  IS-400MC  NoiM  Fiald  Matar 
BC-221  I25KC-20MC  Praci.ian  Frad-  Mater 
LAE  520-1. 300MC  Sipnal  Ganaratar 
LAF  90-MWMC  Sipnal  Ganaratar 
LAG  I200-4000MC  Sipnal  Ganaratar 
LM  I9SKC-20MC  Fraduancy  Metar  Aeeurapy  .02*ii 

M  adulated 

MANY  OTHER  TEST  EQUIPMENTS  AVAILABLE. 

LATE  TEST  SETS  OUR  SPECIALTY. 

TV  STATIONS  DUMONT  EQUIPMENT 

5lh3A  Aural  Deviation  Monitare 
5I02A  Vida#  Oavlatlan  Manitare 
3342  Clactranic  Shuttara 
330^A  Sideband  Wabbulatart 
30S4A  Rcmata  Sync.  Phasinf  Unit 
5223A  Film  Oaaaua  Unite 

Many  ether  Dumant  and  Gate#  T.V.  aecaaeartae  avail. 
State  wante. 


EMPLOYMENT  OPPORTUNITIES 

fSrr  otkrr  f^mploifmrnt  At/r* rtMtiff  om  /Jd  fo  li9  nnd  p^i*jr  ldd> 


ENGINEERS  •  FEE  PAID 


BENNETT 

Pp.rsunnp.l  & 

/IssociatKS 


(Ainimrrrial  Trunt  Hl(l|c. 
Philailfiphia  2,  I’enna. 
RITTEMIOI  SE  6-48.30 


ENGINEERS 

.\naloR  or  iliRital  rompulrrti,  pulse,  printed,  tran¬ 
sistor  rirruitry,  microwave,  I  HF  &  VHP  communi¬ 
cations,  radar,  reliability,  environment,  components, 
•ervo,  antenna,  infra-red,  systems,  (cyroscopic,  stand- 
ard>,  platform,  propulsion,  jet  engines. 

7,D0D  -  12,000 

PROGRAMMERS — M.ATHEM  ATK.l.ANS 

Data  processing,  test  trajectories,  IBM  704,  systems 
analysis,  closed  loop  simulation  lech,  ballistic  analy¬ 
sis,  logic,  scrvo-merh  theory,  coding  &  debugging 
svstcms. 

7,000  -  10,000 


SPtCIAl  SALE 

TS-45A/APM  3  X  BAND  TEST  SETS 

fnrluAlnff  TTwrinUtor  l>p*'  I*fmnr  Meter  (  —  10  to 
-4-37l>H  lelathe.  foaxtal  Une  type  Fr»* 

tiurnrv  Nlfti'f  (callhrated  ^3  full-ranfe  tunr 

able  Klv'ttron  (Krillator  (with  aTandardliliu  in  10 
MW  rWKK  otitptiti.  .\tt«*mutor  tadluMable.  cwR- 
hrmte<l  0  to  ;iO  I>|t  loMl,  rhnke  cotipllnii.  and 
113  V  00  1*3'  (5p«*rat*v1  r«*iniUte«l  pimrr  <*up|>ly. 
Rullt-in  prml<*ion  for  eytermU  pul<«e  n»o<iuUtl(ici. 
I'onratnii  t  2K23  (Moo-oeoo  Mt*.  to  MW’  Kl>«tmni. 
I  OVO.  I  oZYMl  or  rtX.MlT.  ThermUtor.  1  081.7, 
1  \*U  lo.'t-.io  tubpMt.  A  Tpr^tllr,  conipa<i. 
aiHl  handy  Invtrnmetir  for  the  X  lUrul  KAI>  and 
component  teetlna  laboratory,  etc.,  niea-^nng  only 
lOxSVbiH**,  wt,  1.4  Ifw,  New,  rompirte  and  p»*r- 
fect  in  original  packing,  with  npare  pan*  kit. 
technical  manual  and  additional  data.  Price, 
150.00.  remittance  with  order.  AI»o  tea  aur  ad 
in  tha  Agrll  25th  i««ua. 

ENOINEERINO  ASSOCIATES 

434  Paftartan  Road  Oaytan  IS.  Ohia 


ELECTRONICS  SALES 

EXCLUSIVE  TERRITORIES  far  manufacturari  rapra* 
•antatlvaa  (except  New  York  4  New  Enaland).  An  all* 
new  eompanant  line,  lavaral  itami  without  campatition. 
•allino  ta  both  manufacturari  and  diitiibutari  wna  uia  or 
deal  In  franilttan.  Write  fully,  tellinp  of  yaur  atnar 
llnai  and  axparlanca. 

TRANSISTOR  ELECTRONICS  cO., 

3357  Republic  Avanue.,  Minnaopelii  24.  Minn. 


ELECTRONIC  ENGINEER  PHD. 

10  yeoro  business  experience  oeeko 
■upeTTlsory  position  instrumentation  in¬ 
dustrial  control*,  syotems  enqineerinq. 

Klcctronii'S 

520  N.  Michlfcan  Avc.,  t'hiraKO  11,  III. 


SALES  ENGINEERS  WANTED 

For  Chicago  and  Houston. 


rreffUP  men  with  Klecirlcal.  Slechanical  or 
t'hemlcal  ^^gine«•rlug  degreen.  8iicceN'vful  applic* 
ant*  will  recv*i\e  three  iiH»nth.v  intensive  training 
at  factory  In  Waterbury.  I’onnecttcut  before  a-vsign- 
nieni  to  district  ofBce.  Prefer  mm  between  23  and 
30  who  can  ^taii  a'h  trainees.  I^revlous  sales  and 
Instrument  expeiimce  desirable  but  not  mandatory. 

ThoM  interaatad  in  Chicapa  apaninp  addraas  reply 
to  8.  C.  Gewin,  Diatrict  Manaper,  Tha  Briatoi 
Company.  351  E.  Ohia  Straat.  Chicago  II.  Illlnala. 
Thaaa  Interaatad  in  Hauatan  opening  addraaa  reply 
tp  C.  A.  Marwin.  District  Manager,  Tha  Briatal 
Company.  3417  W.  Alabama.  Hauatan  6,  Texas. 
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TYPE  206 

Use  It  To  Measure: 

•  Phase  Angle  between  two  pulse*modulated 
sine  waves. 

•  Time  interval  between  any  two  points  of  an 
irregular  pulse. 

•  Time  delay  of  a  four-terminal  network. 

•  Time  interval  between  an  incident  and  its 
reflected  pulses  through  a  medium. 

Type  206  consists  of  two  vorioble  delay  lines, 
a  pulse-forming  circuit  ond  two  goting  cir¬ 
cuits.  The  fundan>ental  opplicotion  of  this 
instrument  is  to  measure  time  Interval  be¬ 
tween  any  two  points  of  a  single  (or  two) 
pulse  with  a  high  degree  of  occuracy. 
Specifications: 

Channel  1 — Time  Delay:  0.5  us  total  delay 
in  step  of  0.05  us. 

Channel  2 — Time  Delay:  Part  1 — Continuously 
variable  from  0  to  0.1  us,  with  resolu¬ 
tion  time  less  than  8xl0-“  second;  Part 
2 — Step  variable  from  0  to  6  us  in  step 
of  0.1  us. 

Maximum  Sweep  Rate:  The  maximum  repe¬ 
tition  rate  of  the  oscilloscope  sweep 
should  be  less  than  100  KC. 

Maxium  Output:  6  volts  peak  to  peak. 

Price:  $584.00 


FEATURES: 

•  No  oloctron 
tube,  battery  or 
power  supply. 

•  No  error  due  to 
harmonic  or 
noise  content. 

•  No  amplitude 
adjustment,  no 
aeroinf.  Direct 
readinf  in 
degrees. 

•  No  drift,  no 
warm-up  period 
required  Perfect 
stability. 

•  High  ^accuracy, 

•  Small  physical 
sixe. 

4'4’’x5sr: 
weight  less  than 
3  lbs. 

•  No  ambiguity.  TYPE  dIO 

Meter  indicates 

E}  lead  E.>. 

Specifications: 

Input  Signals:  90  to  130  volts  rms  p«r  phase 
on  stondard  model  (highet  on  spocial  order), 
usable  down  to  50  volts. 

Waveform  Error:  None  ^or  symmetrical  wove* 
form  with  irregularitios  occurring  above  and 
below  5  volts  from  the  rero  oxis. 

Ranges:  0-36*,  0-90"  and  0-180”  obtoined  by 
moons  of  o  selector  switch. 

Sense:  Meter  reading  olwoys  represents  Ei  leod 
E.. 

Accuracy:  ±:2.5%  of  full  scale  on  oil  ronges 
for  input  voltages  of  110—10  volts  rms,  and 
—3.5%  of  full  scole  on  all  ranges  for  input 
voltages  of  110  t:20  volts  rms. 

Operating  Frequency;  20  to  1000  cps  with  no 
effect  on  occurocy. 

Price:  S225.00 
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C'ontml  PIIeetroni('4i  Hale*»  C'o.,  inr  .  .  .  . 
C'ornell'ltiihilier  P^lertrlr  C'orp . 


C'ciHmU-  C'ondent»er  Co. 
C4»to-C'<»ll  C'<i.,  Inr... 


CiirtKu  Cnlver%al  *fohit  C'o.,  Inr . 

Cutler-IIainmer  . 


Ihssen  C'oni|mn>  .  3rd 

Itaytona  Itrarh  Chamber  of  C'ommerri 


ItluIlKht  C  orporathm  .  00 

Ilriser,  4A'inM*r  B.  .  ri5 

dll  l*ont  de  \emourM  A  C'o.  (Inr.)  K.  I. 
i*ol><‘hemlralM  Kept .  101 


Klertroiiii'H  Interiuitlonal  Co. 


Klli«»  A'  AVattM  TnalurtM,  Inr. 
KmerMiii  EIIr<‘tric  . . 


Heavy  Duty 

MINIATURE 


for  Industrial 

J\ellabilUy, 


Kd(»  Corp«»ration  .  44 

P^lteKMrCtilloiiKh,  Inr .  53 


Krir  Ellertronlru  DisUioii,  Krle 
Ke«iUtor  Corp . 


\  Special  heavy  duty 
\  contact  arms  and 
i  contacts  switch  1 0 

^  'ar.-.pcrci  (non-induc- 
/  tive)  reliably  in 
heavy  duty  service. 

Contact  combinations  up  to  4PDT  for  DC 
operation  and  DPDT  for  AC.  Operating 
voltages  to  MO  V,  DC  and  440  V,  M  C. 

Resistance  to  shock,  vibration  and  tem¬ 
perature  change  to  meet  military  specifi¬ 
cations. 

Heavy  duty  contacts  can  also  be  furnished 
in  combinations  with  normal  or  low  level 
signal  load  contacts. 

Available  with  plug-in  mounting,  also  dust 
tight  or  hermetically  sealed  enclosure. 


tfrOT  Ktlar 


with  70-pin  Hug. 


CIRCLE  128  READERS  SERVICE  CARD 


Magnecrdft  Plug-in  Rtloys 

•  Simplify  wiring  —  may  be  plugged  in 
after  equipment  is  installed. 

•  Easily  removed  or  replaced  —  no 
special  skill  or  equipment  required. 

•  Permit  inspection,  testing  or  adjust¬ 
ment  with  negligible  down  time. 

Available  for  wide  range  of  requirements. 

Tell  us  what  you  need  or  send  for  catalog. 


MAGNECRAFT 

Electric  Company 


3350B  W.  Grand,  Chicago  51,  llly^ 
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..  IMPORTANT  NOTICE  TO 

i  PHYSICISTS  AND  ELECTRONIC  ENGINEERS: 


4i  M  Iih‘.  . 

OrHiiiU'M  rcirp. 


Hurt  MiiinifiirtiirtiiK  f'l 


Irtt*l*»l4’kiinl  <*oiil|iilliV . 

21. 

2.% 

HikImiii  T«m»I  a  IMf  ('nrnpiiiiy.  Ituv.. 

if» 

l*r«M|ii«'tn.  IMv.  of  IliiclirN 

riift  To,  .  .  .  .  I.V 

iK, 

:i9 

liHlIiini  <  orp.  of  .^Mirrli-ii . 

U.1 

Iriliiff  T«m»I  a  Mfv.  f'n  . 

no 

Jefferi*  KI«*«'trorilr«i  IM«l«|on  of  SiFrrr 

122 

KrNt<*r  Sohirr  Co . 

iim 

Kliit«*l  (Ku>  ljil»)  .  . . 

i:t 

1  :<o  1 

Kiirmiin  D^IfN-frlr  C’o . 

1 

»i  j 

Klrrlroiilc*.  Inr. 

I.M  1 

I.lliclr  (  IM«.  of  Ciiloti  <  iirblilr 

1  ti 

Its 

ISS 

M  It  Miiiiiifur  tiirliiK  Co.  h  IM%InI«»ii  < 
Trxtroii.  Inr.  _ 

f 

in: 

K!l 

MMll»r.«  Mini  <  »..  III)'.,  r.  K . 

>A. 

11 

>lttiMlrrl  liHliiNtrIrN.  Inr  . 

UT 

^lMrr«iiil  In^trumrnlN.  I.td  . 

iti 

MrlpHT  Inr.  . 

120 

1 IH 

.\llrroHMiN  \tiN4M-lutrN.  Inr . 

120 

MIlIrn  Mfc.  C<»..  Inr..  4utnr« . 

:{o 

K«*»Ut«ir  ('«».  . 

. 


lurkr.  Iiir . 

rirriilt  SJilr* 
Nutroii  Mfic.  <'m.  . 


I  IK 


0)ik  >lfK.  io.  . 

0«t**r  Tfi..  •liiliM  . 

Oviillil.  IIU.  <>r  (M'ltmil  Anilliir 

A  Klertr*! 
CoriMiriitlon  ....... 

l*h«itiM'lrriilt«  <  nriMiriitltiii  .  .  .  . 


l*o(trr  A  In 


. III. 


INFRA-RED  OPTICS 

RADAR  SYSTEMS  ANALYSIS 

ELECTRONIC  SUPPORT 
EQUIPMENT  DESIGNERS 

MISSILE  GUIDANCE  SYSTEMS 
CONTROL  SYSTEMS  ANALYSIS 


SIVIRAL  UNUSUAL  CARIIR  ORRORTUNITIISt 

We  have  a  high  priority  need  for  qualified  men  experienced  in 
any  of  these  fields.  Requires  Bachelor’s  Degree  in  electrical 
engineering  or  physics  plus  3-6  years’  experience.  Or  an  ad¬ 
vanced  degree  plus  2-5  years'  experience  in  design  and  analysis 
of  communication,  detection  or  control  systems. 

CONTINUID  IXRANSION  IN  ILICTRONICS  *  AVIONiCSt 

Kmerson  Electric  has  completed  a  record-setting  year  and  the 
pace  is  not  slackening  at  all!  .Mready  a  leading  manufacturer 
of  missiles  and  electronic  equipment,  F.mers<jn  has  a  firmly 
outlined  prf>gram  for  the  future.  We  anticipate  increased 
volume  and  diversity  in  195R,  and  doubling  these  figures  over 
the  next  few  years.  Therefore,  a  new,  broader  organizational 
structure  has  created  these  excellent  career  openings  with 
complex  challenges. 

CURRINT  RROJICTS  AT  IMIRSON  lUCTRIC: 

B-58  fire  control  system,  mortar  locators,  radar  components 
and  assemblies,  servomechanisms,  missiles  and  rockets,  ground 
support  et]uipment,  microwave  antennas,  E'-lOl  Voodoo  struc¬ 
tures,  plus  a  host  of  other  electronic  devices  for  the  supersonic 
era.  We  emphasize  research,  design  and  development,  with  a 
healthy  balance  in  production. 

CONSIDfR  THISI  INIRSON  MNIFITS: 

•  b.xcellent  salary 

•  Outstanding  advancement  opportunities 

•  .Atlvanced  eilucation  program 

•  .Moving  expenses  fully  paid 

•  Plus  other  top-level  benefits 

WRITE  TODAY 

for  fmi  iUustraUd  brcKhure  **  latent 
Orou’S  at  Emerson  EieftrtCf**  a 
putortai  tour  of  our  en^tnetrtnj^ 

Jacihties.  Simply  addrew  .-I  L.  hepke^ 
feeknual  Employment  Manager, 


Kiit'iiI  KiiNliH*«*rlnK  Ittl .  Il!f 

KikMo  r<ir|Miriilloti  «if  Itli  ro%«*r 

ICiittrii>  A  <'«!.,  lacorK**  .  IG* 

Ki«>lli«*4*n  Mfc-  (  . A,  1.%.% 

Krlti>  SiilrN,  liir.  .  :tl 

Si«iHl«‘rN  \%»«N’liitrN.  Iiii* .  I  i:t 

H«*li«ilirr  OrKtiil  L'lirp..  Tli** .  lO.'l 

SriiftitUr  K*‘<»«*Hr«‘li  liiNlriitiiriil  C*or|>  . .  .  lAI 


YOUR  FUTURE  IS  OUR  BUSINESS! 


I 


Electronics  and  Avionics  Division 


Emerson  Electric 


8100  W.  Florissant  Ave.  •  St.  Louis  21,  Mo 
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Slrrnt  KIrrt  ronir  f 'or|> 


Sorenitrn  It  i'o..  Inr 


Hprrry  G>nHH-ap«'  Company,  IlIvNIon  of 
HpMT)  Kami  C'orp . lU. 

Spracur  KIrotrIr  Co . 

HtarkiMilr  Carbon  CO . 


MODEL  CMC 


Stoddarl  AIrrraft  Radio  CO.,  Inr 


btronibrrc-CarlMm  Company 

SU|>rrior  Tubr  CO . 

.HwriiMon  Co..  Inr.,  V.  II.  ... 


HyaCrm  Urtrlopmrnl  C'orp 
Hyktron  C'orp . 


Ta.ylor  Clbrr  C 


TrrhnoloKy  InHiriimrnt  Corp. 


Trktronli.  Inr. 


DIAMOND 

PIVOTED 


Trirrx  l.aboralorlra 


Trmro-.\lrrraft 


Trxak  Inidrumrntk  Inrorporalnl 

Trankitron  I’nrrimnir  Corp . 

Trio  l.alHiratorlrk,  Inr . 


ACCURACY  .2% 

SELF  CONTAINED 

Ranges;  1/5/10/20/50/100  Amperes 

or  1.5/3/7.5/15/30/75  Amperes.  Type.- Permonent  Magnet. 
Period:  1  Second.  Scale  Length:  6.3"  hand  drawn  mirrored  scole. 

I  “X  "*  Electrostatic  and  Magnetic  Shielding.  Ranges 
I  ~  switched  by  changing  o  single  plug  connection. 

SKNSITIVK  RKSBARCH 
xT  INSTRUMENT  CORPORATION 

I  Sifmbot  Qgqtb^ 


I  nICrd  Trankformrr  CO. 


S'arlan  .\k«orlatra 


Vrrdrr-IC4Hit.  Inr. 


Urktinahoiikr  S^lrrtrlr  Corp. 


NEW  KOCHEiiE,  N.  Y,  eocmcM  ifsrmjiiKm Of  petosiON  sMCi atT 
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Proftxtional  Scrvicci 


MAKE  IT 


CLASSIFIED  ADVERTISING 
F.  J.  Eberic,  Buiincit  Mgr. 


EMPLOYMENT  OPPORTUNITIES  IS6-IGI 
EQUIPMENT 

(Used  or  Surplus  New) 

For  Sale  . I59-I6I 


ADVERTISERS  INDEX 
Barry  Electronics  Co . 


IN-LINE 
READOUT 
In  a 
SINGLE 
UNIT 


CLARCO  CPC  is  used  to 
clean  your  printed  circuits 


Bennett  Personnel  Assoc. 


Bristol  Co.,  The 


Deflecto  Manufacturing  Corp. 


Mciacycle.Mieresecssg 
Ceunter. Timer 

In  just  one  glance  you  have  the  answer  — 
and  you  get  the  answer  in  just  one  unit. 
With  Systron’s  single  package  IN-LINE 
readout  digital  counter,  there's  no  trans* 
prming,  no  confusion,  no  second  look.  Large 
l-inrh  IN  LINE  digits  are  clearly  readable 
at  distances  up  to  40  feet,  overroming 
fatigue  and  error  factors.  One  unit  elim¬ 
inates  auxiliary  boxes ;  increases  accuracy 
as  well  as  speed. 

Other  Important  SYSTRON  Features: 

•  Masrnetron  Beam  SwitchinK  Tube* 

•  Local  or  Remote  Indication 

•  Adjustable  Trlir^er  Controls 

•  DriYes  Digital  Recorder  Directly 

For  complete  epeeifiraUone  and 
prices,  pleaee  torite 


is  0  Fast,  Efficient, 
Cleoner,  Copper  Brightener 


Engineering  Associates 


General  Electric  Co. 


International  Business  Machines  Corp. 


is  opplied  by  brushing, 
spraying  or  dipping 
at  room  temperoture. 


Ramo-Wooldridge  Corp..  The 
R.  W.  Electronics . 


Sylvania  Electric  Products  Inc. 


Technical  Systems  Corp . 

Telephone  Engineering  Co . . 

Transistor  Electronics  Co . 

Texas  Instruments  Incorporated 


does  not  damoge  plostic 
or  copper  circuit 
components. 


Send  for  comp/cte  information  and  tamplot. 

The  Clarkson  Laboratories,  Inc 

930  N.  Darien  St.,  Philadelphia  23,  Pa. 

Attention  Distributors;  we  need  representation 
in  some  areas. 
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Universal  Relay  Corp . 

(Formerly  Universal  General  Corp.) 


950  CAIINOO  STREET  •  CONCORD,  CALIFORNIA 
REPRESENTATIVES  IN  PRINCIPAL  CITIES 


This  indsi  Is  puMiihtd  at  a  sarvles.  Every  cara  Is  taken 
to  make  It  accurate,  but  ELECTRONICS  assumes  na 
i-esasnsibllitles  far  errars  or  emlitlant. 


CIRCLE  13S  READERS  SERVICE  CARD 
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Livingston,  New  Jersey 


WHERE  DEPENDABILITY  IS  VITAL 


■  Holler-type  detent  Kiv(*s  ix)sitive  indexing  action. 

■  As  many  as  Eight  poles  available  on  each  denk— where 
mininuirn  space  is  a  fac  tor. 


TODAY,  MORE  THAN  EVER.  THE  DAVEN  (3) 
STANDS  FOR  DEPENDABILITY! 


Write  for  complete  data,  catalog 
and  c*nginc*ering  information. 


Action 

Type 

Maximum  Number 
of  Positions 

Per  Polo 

Number  of 
Poles/Deck 

Siie 

Shorting 

11 -BM 

24 

one 

Wt  Dia.  X  Depth 

Shorting 

12CM 

32 

one 

V/t  Dia.  X 1%  Depth 

Shorting 

25-EM 

48 

two 

2%  Dia.  X  I'ift  Depth 

Non  shorting 

85-EB 

6 

eight 

2?4  Dia.  X  I'Vi  Depth 

Shorting 

45DM 

23 

four 

2li  Dia.  X  I'V*  Depth 

Here’s  why:  1’o.sitive  solutions  to  critical  rotary  switch 
requirc'ments  can  be*  found  within  the  thousands  of  com¬ 
binations  of  poles,  positions  and  decks  available  from 
Davkn’s  complete  line  of  prec  ision  rotary  switches. 


■  Hatented  knee-action  rotor -c‘nsurc*s  low  and  uniform  con- 
tac  t  resistance.  It  also  providc*s  tampc‘r-prcx)f  and  trouble 
free  operation  over  the  life  of  the  .switch. 


■  One-piece  combination  contact  and  solder  /ug-.solid-.si! 
ver  alloy  contacts,  gold  platcxl  to  resist  corrosion. 


•  Turret-type  solder  lugs  for  excellent  mcthanical  and  elcH.-- 
trical  connex  tions. 


*■  '  ''i  -asr  f(k. 


Generate  the  full  excitement  of  High-Fidelity! 

Specify  the  new  RCA-7027  for  your  amplifier  designs 

StroIl^er  and  stronger  grow  the  eliords.  tlie  fervent  expression  «)(  the  artist— vet  tlie 

sound  is  sweet,  most  pleasing  to  the  listener’s  ear.  The  (loneert  (ir.md  makes  stringent 

dematjds  upon  high-fidelity  amplifiers  for  hig/i  poticr  and  lou  distortion  (Ian  vour 

designs  meet  these*  deTnands?  I  hey  ean  if  you  ‘‘d«*sign  around”  the  ftf  !.A-7((27! 

fU;A-7027  is  a  glass-(Ktal  tviie  heam  power  tulx*.  Two  7027’s  in  (Mass  .\ft,,  push  trull 

■  I  I  f  I  ...  .  .  f’CA  Flald  Offices 

service  itif/i  450  volts  on  the  plate  can  fiandle  up  to  50  u  atts  of  audio  poner  mth 

only  1.5  percent  distortion.  Sfruetural  features  eontrihuting  to  the  exeeptionallv  high  east.  ^44^B.oad  ^iroet 

plate  dissipation  (2.5  watts)  of  this  eompaet  tube  are;  liutton-stem  const  met  ion.  HUmboldt  5  3900 

heavy  stem  leads  having  high  heat  eonduetivity,  heavy  plate  material,  radiating  fins  midwest  Suite  1154 

on  control  grid,  and  doithle  hase-pin  eonneetiotis  for  hoth  eotitrol  grid  and  sereeti  grid  Merchondisc  Wort  pioio 

Achieve  for  your  hi-fi  designs  the  advatitages  of  high  dissipatioti,  excc  ptiotiallv  Chicago  54,  liimoo 

.  .  '  ...  .  r-  rr  ..  .  WHileholl  4-2900 

low  distortion,  and  higfi  power  amplification  offered  liy  ftie  new  lt(,,‘\-(()2i .  .\sk  your 

RC]A  h'ield  Hepresentative  for  further  details.  For  technical  data,  write  RC7\  west.  6355  E.  Wojhington  Bivd. 

‘  los  Angelej  22,  Culif. 

Commercial  Engineering,  Section  E-I9-Q1,  Harrison,  N.  J.  RAymond  3  8361 


RADIO  CORPORATION  OF  AMERICA 


Electron  Tube  Division 


Harrison,  N.  J 


\ 


